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ABSTRACT 


Douglas-fir  stands  first  thinned  at  about  age  38  have  been  observed 
for  21  years.    Four  treatments  were  compared:    no  thinning,  light  thinning 
at  3-year  intervals,  moderate  thinning  at  6-year  intervals,  and  heavy 
thinning  at  9-year  intervals.    Eighteen  years  after  initial  thinnings  (the 
first  common  end  to  all  thinning  cycles),  all  thinned  stands  had  virtually 
the  same  total  cubic  volume  as  before  thinning  and  about  65  percent  of 
what  they  would  have  had  without  thinning.    Early  thinnings  tended  to  be 
from  above;  later  thinnings  from  below. 

Thinning  interval  had  no  effect  on  total  growth  per  acre  over  the 
21-year  period,  but  gross  growth  in  all  thinned  stands  was  about  20  percent 
less  than  that  in  comparable  unthinned  stands.    There  was  only  about  half 
as  much  mortality  in  thinned  as  in  unthinned  stands,  and  enough  was 
salvaged  to  largely  offset  the  growth  loss.    Thinning  had  little  effect  on 
current  relative  tree-size  distribution,  because  increased  growth  rate  of 
residual  trees  was  offset  by  removal  of  many  larger-than-average  trees. 
The  primary  benefit  derived  from  these  commercial  thinnings  was  an 
earlier  harvest  of  products,  not  a  substantial  increase  in  total  usable 
production  per  acre. 
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INTRODUCTION 

In  1947,  the  220-acre  Voight  Cx^eek 
Experimental  Forestl/  was  established 
in  eastern  Pierce  County,   Washington,  to 
study  the  effects  of  commercial  thinning 
on  subsequent  stand  growth  and  develop- 
ment.    Beginning  at  about  age  38,  commer- 
cial thinnings  were  made  at  intervals  of 
3,   6,   and  9  years,  designed  to  remove 
comparable  volumes  over  an  18-year 
period.    Results  of  the  first  6  years  of 
the  study  were  reported  by  Worthington 
et  al.   in  1962. 

This  paper  provides  a  comprehen- 
sive summary  of  stand  development  over 
a  period  of  21  years  following  the  time  of 
initial  thinning.     Many  of  the  details  pre- 
sented pertain  to  the  18-year  period  follow- 
ing time  of  initial  treatment.     This  is  the 
earliest  point  in  time  at  which  a  complete 
evaluation  can  be  made,  because  the  18th 
year  marks  the  first  common  end  of  thin- 
ning cycles  in  all  treatments.     This   is 
supplemented  by  growth  and  mortality 
data  for  a  seventh  3-year  period  (18th  to 
21st  years  after  initial  thinning)  to  update 
the  noted  trends. 

Although  commercial  thinnings  at 
Voight  Creek  have  caused  a  substantial 
improvement  in  growth  per  unit  of 
residual  growing  stock,    they  have  also 
apparently  caused  a  substantial  reduction 
in  gross  growth  per  acre.     This  reduction 
in  growth  has  been  largely  offset  by  sal- 
vage or  forestalling  of  mortality,  so  that 
total  usable  yield  to  date  is  nearly  the 
same  in  thinned  and  unthinned  stands. 
Eighteen  years  after  time  of  initial  thin- 
nings, the  thinned  stands  (at  about  age  56) 
contained  about  65  percent  as  much  live 
volume  as  did  the  unthinned.     Since  future 


mortality  in  thinned  stands  should  be  less 
than  in  unthinned  stands,  growing  stock 
should  increase  more  rapidly  in  thinned 
than  in  unthinned  stands.     Thus,  with  no 
additional  thinning  we  can  expect  total 
usable  yield — from  a  final  harvest  at 
about  age  80  plus  thinnings — to  be  about 
5  percent  greater  from  thinned  than  from 
unthinned  stands.     Benefits  from  these 
commercial  thinnings  arise  primarily 
from  an  earlier  harvest  of  products,  not 
from  a  substantial  increase  in  the  total 
volume  of  usable  wood  produced. 

METHODS 

DESIGN  OF  STUDY 

The  experiment  was  laid  out  in  a 
randomized  block  design,  with  three 
replications  of  each  of  four  treatments. 
Replications  of  treatments  were  staggered 
1  year  apart  in  time.     Thus,  the  experi- 
mental forest  is  divided  into  three  blocks 
and  each  block  into  four  compartments 
(fig.   1).     Within  each  block,  treatments 
were  assigned  at  random  to  the  compart- 
ments.    Compartments  are  approximately 
17  acres  in  size;  each  is  sampled  by  five 
tagged  plots,  which  were  systematically 
located  without  regard  to  stand  or  topo- 
graphic conditions.—' 

The  sample  plots  are  multiple-radii 
circular  plots  on  which  larger  trees  are 
sampled  more  intensively  than  smaller 
trees.      At  the  first  measurement — just 
prior  to  initial  treatment,  trees  11.  0  inches 


'  Maintained  by  the  Pacific  Nortiiwest  Forest  and 
Range  Experiment  Station  in  cooperation  with  the  St. 
Regis  Paper  Company. 


^  Each  compartment  was  also  sampled  by  10 
untagged  plots,  on  which  trees  were  not  individually 
identified  and  diameters  were  recorded  only  to  the 
nearest  2  inches.  Analyses  and  results  reported  in  this 
paper  are  based  only  on  the  more  complete  and  reliable 
data  obtained  from  tagged  plots.  Data  collected  on  the 
untagged  plots  have  been  examined  in  less  detail  and 
support  reported  conclusions. 


Figure   1. — Layout  of  thinning  units  and  sample  plots. 


and  larger  were  tagged  on  the  entire  0.20- 
acre  circular  plot,  trees  5.0  to  10.9  inches 
on  a  concentric  0.  05-acre  subplot,  and 
trees  1.  5  to  4.  9  inches  on  the  central 
0.0125-acre  subplot.     It  was  found  that 
this  did  not  provide  an  adequate  sample 
of  5-  to  11-inch  trees.     Therefore,  on  all 
subsequent  measurements,  all  trees  5.  0 
inches  and  larger  were  tagged  on  the  entire 


0.  20-acre  plot;  trees  smaller  than  5.  0 
inches  were  still  tagged  on  only  the  cen- 
tral 0.0125-acre  subplot. 

MEASUREMENTS 

Measurements  were  taken  at  3-year 
intervals,  coincident  with  the  shortest 
thinning  cycle.     At  these  times,  d.b.h. 's 
of  all  tagged  trees  were  measured  to  the 


nearest  0.  1  inch  with  a  diameter  tape. 
Type,   severity,  and  cause  of  damage  were 
noted,  as  were  causes  of  mortality.    Heights 
of  six  Douglas-fir  trees  per  plot  were 
measured,  with  four  trees  being  larger 
and  two  trees  smaller  than  the  quadratic 
mean  d.  b.h.— '^     The  same  trees  were 
measured  at  successive  measurements, 
except  where  substitution  was  necessary 
because  of  subsequent  death,  cut,    or 
damage.     Breast-height  ages  of  dominant 
and  codominant  height  trees  were  deter- 
mined on  increment  cores. 

DETERMINATION  OF  VOLUME 
AND  VOLUME  GROWTH 

Volumes  and  volume  growth  during 
each  period  were  determined  for  each  plot 
independently.     Cubic  volumes  of  each  of 
the  six  Douglas-fir  trees  measured  for 
height  at  each  3-year  measurement  were 
calculated  by  an  equation  expressing  cubic 
volume  as  a  function  of  d.  b.  h.  and  height 
(Curtis  1966).      Tarif  numbers  for  each 
of  these  trees  were  calculated  by  the 
method  of  Turnbull  and  Hoyer  (1965)  and 
were  then  averaged  to  give  a  tarif  number 
for  the  plot  at  each  3-year  measurement. 
These  averages  were  smoothed  over  time 
to  avoid  irregularities  associated  with 
measurement  errors,  substitution  of 
trees,  etc. 

Volumes  of  each  tree  on  the  plot  at 
each  3-year  measurement  were  then  cal- 
culated from  its  d.b.  h.   and  the  plot  tarif 
number.     This  provided  cubic  volume  of 
the  total  stem  and  merchantable  volumes 
by  several  merchantability  standards. 
These  volumes  were  then  multiplied  by 
the  necessary  expansion  factors  and 
summed  to  give  total  volumes  per  acre. 


'Quadratic  mean  d.b.h.  is  the  d.b.h.  of  the  tree  of 
average  basal  area  (Ford-Robertson  1971).  Hereafter, 
mean  d.b.h.  refers  to  this  quadratic  mean. 


Cubic  volume  growths  of  individual  trees 
surviving  each  3-year  measurement  period 
were  summed  to  give  gross  growth  per 
acre. 

STUDY  AREA 

LOCATION  AND  CLIMATE 

The  experimental  forest  area  is  near 
Orting,   Washington.     It  lies  on  a  slope 
above  tlie  Carbon  River,  at  an  elevation  of 
830  to  1, 140  feet.     The  nearest  weather 
station  (about  7  miles  to  the  northeast  at 
an  elevation  of  685  feet)  shows  an  average 
precipitation  of  49.  3  inches,  with  15.9 
inches  falling  during  the  months  of  April 
through  September,  and  an  average  annual 
temperature  of  50.  2 "^  F. ,  with  an  April- 
through- September  average  of  57.7°  F. 

Three  damaging  climatic  disturbances 
occurred  at  Voight  Creek  during  this  study 
period.    A  cold  wave  in  November  1955 
(Duffield  1956,  Reukema  1964a)  caused 
freeze  injury  and  drastically  reduced  sub- 
sequent growth  on  many  trees.     A  severe 
windstorm  in  November  1958  and  wet, 
heavy  snow  in  November  1960  caused  exten- 
sive breakage  and  uprooting.     The  1962 
Columbus  Day  windstorm,  which  caused 
extensive  damage  sporadically  throughout 
the  region,  did  virtually  no  immediate 
damage  at  Voight  Creek.     It  may  have  set 
the  stage  for  a  small  amount  of  uprooting 
the  following  spring.     There  have  been  no 
disturbances  of  any  consequence  since 
that  time. 

SOILS,  TOPOGRAPHY,  AND  SITE  INDEX 

Soils  are  derived  from  material 
deposited  by  a  Piedmont  glacier  from  the 
Cascade  Range.     Two  major  soils  exist. 
One  (Barneston)  is  a  gravelly  sand  aver- 
lying  gravelly  sandy  loam;  the  other 
(Indianola)  is  a  fine  sandy  loam  or  sandy 
clay  loam.     Topography  is  quite  variable; 
'  gentle  slopes,  kettle  depressions,  abrupt 


slopes  along  drainages,  and  some  areas 
of  fairly  level  land  all  occur  on  the  exper- 
imental tract. 

Site  index  averages  about  145  and 
ranges  from  100  to  170  (100-year  index). 
Tarrant  (1950)  observed  that  site  index 
did  not  differ  significantly  between  soil 
types;  but  it  did  differ  significantly  be- 
tween convex  and  concave  topography  on 
both  soils,  averaging  about  15  percent 
greater  on  the  concave  topography. 

THE  STAND 

Logged  originally  about  1900,  the 
experimental  forest  area  supports  a  stand 
that  is  fairly  t3rpical  of  young-growth 
Douglas-fir  forests  that  have  followed 
logging  of  virgin  timber.     The  stand  be- 
came established  about  1912.     Although 
quite  uniform,   it  showed  typical  variation 
in  degree  of  stocking,   stand  density,  and 
species  composition.     Since  sample  plots 
were  located  without  regard  to  stand  con- 
ditions, they  sample  this  entire  range  of 
variation. 

Distribution  of  Douglas-fir 

Many  plots  are  not  fully  occupied  by 
Douglas-fir  trees.     A  few  contain  large 
openings  in  the  stand.     Others  contain 
other  species. 

The  degree  of  incomplete  stocking 
(occupancy)  due  to  openings  is  difficult  to 
quantify,  because  we  do  not  know  how 
much  of  the  apparent  opening  is,   in  fact, 
being  utilized  by  surrovmding  trees.    A 
subjective  evaluation  suggests  that  occu- 
pancy of  the  plot  area,  by  all  species, 
varied  from  about  50  to  100  percent. 
Some  of  these  openings  have  apparently 
existed  from  the  time  of  stand  establish- 
ment, whereas  others  are  of  more  recent 
origin,  due  to  root  rot,   storm  damage, 
or  both. 


Species  composition  has  been  ex- 
pressed as  volume  of  each  species  as  a 
percent  of  the  plot  total.     On  the  54  plots 
considered  here,  Douglas-fir  volume  was 
65  to  100  percent  of  the  total,  averaging 
90  percent.—      On  some  plots,  other  spe- 
cies were  mostly  conifers — principally 
hemlock  and/or  western  redcedar;  on 
others,  they  were  mostly  hardwoods — 
principally  alder,  cottonwood,  and/or 
maple.     On  some,  other  species  were 
concentrated  on  a  portion  of  the  plot;  on 
others,  they  were  intermixed  with  Douglas- 
fir,  often  occupying  an  understory  position. 

Number  and  Size  of  Trees 
and  Volume  Per  Acre 

Due  to  initial  variations  in  site-quality, 
stocking,  and  density,  there  was  consider- 
able variation  in  number  and  size  of  trees 
on  these  plots.    On  the  average,  the  pre- 
treatment  stand  at  age  38  contained  about 
745  stems  per  acre,  with  a  mean  d.b.h. 
of  6.  7  inches  (table  1).     About  320  of  these 
trees,  with  a  mean  d.b.h.  of  9.  3  inches, 
were  of  merchantable  size  (d.  b.  h.    of 
5.  6  inches  or  larger).     The  100  largest 
trees  per  acre  had  a  mean  d.  b.  h.  of  11.  7 
inches. 

Total  cubic  volume  per  acre  was 
estimated  to  average  about  5,  800  cubic 
feet  (table  1).    About  14  percent  of  this 
volume  was  in  trees  which  were  not  of 
merchantable  size.     Pretreatment  volumes 
were  closely  correlated  with  site  index, 
with  the  linear  relationship  accounting  for 
87  percent  of  the  variation  in  compartment 
average  volume. 

TREATMENT 

Except  for  thinning  interval,  there 
was  very  loose  control  over  treatment 


"  Six  plots  on  which  Douglas-fir  volume  was  8  to  55 
percent  of  the  total  have  been  excluded  from  further 
consideration  in  this  paper. 


1/ 


Table  ] .--Desain,ptive  aharaateristias  of  stands  before  thinning   (age  38)— 


Compartment^./ 


Site 
index 


Trees 
per  acre 


Average 
d.b.h. 


Cubic  volume 
per  acre 


D.b.h.  of  100 
largest  Douglas-fir 


Number 

Inches 

Cubio  feet 

Inches 

01 
02 
03 

120 
132 
156 

1,090 
613 
695 

5.1 
6.5 
6.8 

4,088 
4,767 
6,263 

9.1 
11.5 
11.5 

31 
32 
33 

148 
160 
158 

867 
775 
540 

6.3 
7.1 
8.7 

5,723 
6,873 
6,930 

10.6 
14.4 
12.3 

61 
62 
63 

144 
146 
154 

855 
455 
663 

6.0 
8.2 
7.5 

5,186 
6,198 
7,065 

10.5 
11.8 
13.1 

91 
92 
93 

144 
144 
160 

752 

619 

1,025 

6.5 
7.0 
6.5 

5,305 
5,719 
7,515 

11.8 
13.0 
12.0 

Weighted 
average 

147 

744 

6.7 

5,844 

11.8 

y   All  species,  trees  1.5  inches  and  larger  in  d.b.h. 

2/ 

—    First  digit  of  compartment  number  denotes   thinning   interval   and  second  digit  denotes 

replication.     Each  compartment  average  is  based  on  5  plots,   except  for  3,   4,  and  2  plots, 

respectively,  on  compartments  33,   62,   and  93. 


actually  applied  to  plots.    Thus,  in  reality, 
rather  than  four  treatments,  there  was  a 
wide  range  in  treatments  applied  to  plots. 
Involving  variations  in  thinning  intensity 
and  type  of  thinning,  as  well  as  thinning 
interval. 

MARKING  GUIDES 

Marking  for  thinning  followed  the 
priority  system  described  in  the  commer- 
cial thinning  bulletin  (Worthington  and 
Staebler  1961).     First  priority  was  given 
to  removing  merchantable  dead  or  dying 
trees  and  trees  marking  negligible  growth 
compared  with  the  average.     Second  prior- 
ity was  given  to  removing  "wolf  trees,  " 
provided  surrounding  trees  were  judged 
capable  of  response.     Third  priority  was 
given  to  improving  spacing  of  remaining 
trees. 

Priority  I  removed  many  intermed- 
iate and  suppressed  trees,  but  also  some 
dominants    and    codominants;    many 


suppressed  trees  were  too  small  to  cut. 
Such  trees  were  removed  in  about  equal 
number  at  all  thinnings.     Many  priority  II 
trees  were  cut  at  the  initial  thinnings  (includ- 
ing first  two  thinnings  on  the  3-year  cycle). 
Priority  III  trees  were  cut  at  all  thinnings, 
their  proportion  increasing  at  successive 
thinnings. 

SEVERITY  OF  THINNING 

Initial  thinnings,  averaged  by  treat- 
ment,  removed  12,  22,  and  31  percent  of 
the  pretreatment  volume  on  the  3-,   6-, 
and  9-year  cycles,  respectively  (fig.  2). 
Compartment  averages  ranged  from  10 
to  34  percent.     Subsequent  thinnings  plus 
mortality—/  removed  an  average  of  90 


*  For  practical  purposes,  mortality  must  be  con- 
sidered as  both  (1)  a  variable  affected  by  treatment  and 
(2)  part  of  the  treatment.  Loss  of  trees  due  to  natural 
causes  should  have  a  .similar  Impact  on  .surrounding  trees 
as  would  loss  of  those  same  trees  through  cutting  them. 


O 

Z 
u 
o 

OS 


100 
•JO. 
80. 
70. 
60. 


Y 


100 
90. 
80. 
70. 
60. 


\ 


100 
90  _ 
80. 
70 
60 


■t 


88  73 


■■■"U"  I  ■ 


73  68 


3-year  cycle 


66  62 


_l L_ 


_l I 


u- 


78 


66 


6-yeai  cycle 


_l L. 


56 


J I 


-^t-  Accumulated  mortality 
■^t-  Live  cut 

57-^  Percent  of  unthinned 


69 


9-year  cycle 


0  53 


38  41  44  47 

STAND  AGE  (YEARS) 

Figure   2. — Severity  of  thinnings 


percent  of  the  gross  increment  accrued 
since  the  previous  thinning,  thus  allowing 
residual  growing  stock  to  increase  by  only 
10  percent.     Some  thinnings  removed  con- 
siderably more  of  the  increment  than  this. 
In  contrast,    most  thinning  guides  for 
Douglas-fir  would  let  the  volume  increase 
more  rapidly  (e.g.,  Bradley  et  al.   1966, 
Harmon  1969,  Staebler  1960). 

Eighteen  years  after  initial  thinnings, 
standing  cubic  volume  in  thinned  stands  was 
nearly  equal  to  the  pretreatment  volume, 
and  about  64  percent  of  what  it  would  have 
been  if  the   stands  had  not  been  thinned 


(fig.   3).     The  stands,  of  course,  arrived 
at  this  common  value  through  quite  differ- 
ent routes.     Both  the  third  thinning  on  the 
6-year  cycle  and  the  second  thinning  on 
the  9-year  cycle  reduced  volume  to  less 
than  60  percent  of  normal  (fig.   2). 

As  seen,  thinnings  removed  much 
more  than  normal   mortality.     Over  the 
18-year  period,   mortality  in  unthinned 
stands  removed  23  percent  of  all   stems 
which  reached  5.  6  inches  or  larger  and 
an  average  of  25  percent  of  the  pretreat- 
ment volume.     Thinnings  plus  mortality 
in  thinned  stands  removed  an  average  of 
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Figure  3. — Eighteen-year  growth  and  yield,    by   treat- 
ment  (adjusted  to  average  pretreatment  volume). 


54  percent  of  all  stems  which  reached  a 
d.b.h.  of  5.  6  inches  or  larger,   and  a 
volume  ecjual  to  an  average  of  65  percent 
of  the  pre  treatment  volume, 

SIZE  AND  CROWN  CLASS  OF 
CUT  AND  DEAD  TREES 

The  average  d.  b.  h.  of  trees  cut  in 
all  thinnings  was  10.  5  inches.     Size  of  cut 
trees  was  generally  greater  at  initial  thin- 
nings (and  second  thinnings  on  the  3-year 
cycle)  than  at  subsequent  thinnings.     The 
ratio  of  d.b.h.  of  cut  trees  to  average 


d.b.h.  before  thinning  (d/D)  was  greater 
than  1.  0  at  the  initial  thinning  on  all 
compartments;  the  d/D  ratio  then  tended 
to  be  less  than  1.0  at  subsequent  thinnings. 

Thinnings  removed  a  different  stand 
component  than  did  natural  mortality. 
Only  13  percent  of  the  dead  trees  were  in 
the  dominant  and  codominant  crown  classes, 
and  49  percent  were  suppressed.     On  the 
other  hand,   an  average  of  52  percent  of 
the  cut  trees  were  in  the  dominant  and 
codominant  crown  classes,  and  only  9 
percent  of  them  were  suppressed  (table  2). 


Table  2. --Distribution  of  out  and  dead  trees  among  crown  classes 

over  an  18-year  periodL' 


Treatment 


Dominant 


Crown  class 


Codominant 


Intermediate   Suppressed 


3 -year  cycle 
6-year  cycle 
9-year  cycle 


Until  inned 
3-year  cycle 
6-year  cycle 
9-year  cycle 


11 
16 
27 


-Percent  of  total  out- 


32 
34 
36 


47 
37 
28 


-Percent  of  total  dead- 


11 
7 


12 
7 
8 
8 


34 
30 
32 
50 


48 
55 
54 
38 


1/  All   species,   trees   1.5  inches  and  larger  in  d.b.h 


The  percent  of  cut  volume  removed  from 
the  codominant  crown  class  was  about  the 
same  in  all  thinning  treatments,  whereas 
the  number  of  dominants  cut  was  greater, 
and  the  number  of  intermediates  cut  was 
less,  with  the  longer  thinning  cycle. 

An  average  of  44  trees  were  cut  from 
among  the  original  100  largest  Douglas- 
fir  per  acre,  the  greatest  number  being 
associated  with  the  9-year  thinning  cycle 
(table  3).     The  preponderance  of  such  cut 
trees  was  at  the  initial  thinnings,  where 
the  number  cut  was  nearly  proportional 
to  the  percent  of  volume  cut.     Some  were 
cut  at  all  thinnings,  partly  to  improve 
spacing  and  partly  to  remove  trees  which 
were  apparently  unhealthy.     In  contrast, 
only  three  of  the  100  largest  per  acre 
died  in  the  unthinned  stands. 


STAND  DEVELOPMENT 

MORTALITY  AND  DAMAGE 
Amount  of  Mortality 

Generally  there  was  less  mortality 
in  thinned  than  in  unthinned  stands,   al- 
though differences  are  not  statistically 
significant.^/   On  the  average,  mortality 
during  the  18  years  removed  about  300 
trees  per  acre,  having  a  volume  of  about 
950  cubic  feet  (fig.  4).     Expressed  as  a 
percent  of  initial  volume,  an  average  of 
25  percent  was  lost  in  unthinned  stands 
compared  with  an  average  of  14  percent 
in  thinned  stands.     Volume  lost  to  mortal- 
ity in  unthinned  stands  equalled  30  percent 


*■  Wherever  the  term  "significant"  is  used  in  this 
paper,  it  refers  to  statistical  significance  at  the  5-percent 
level. 


Table  Z .--Number  of  trees  out  or  dead  from  among  the  original 
100   largest  Douglas-fir  per  aore 


Treatment 


Period 


Total 


Unthinned 
3-year  cycle 
6-year 
9-year 


cycle 
cycle 


0 

1 

0 

0 

2 

0 

3 

13 

8 

5 

3 

3 

6 

38 

25 

0 

7 

1 

10 

0 

43 

42 

0 

0 

9 

1 

0 

52 

Thinned  plot 
average 


44 


400 

r 

rTTT 

350 

_ 

'.>.••. 

J;^ 

iiv 

IvTI 

■•.■■:f' 

300 

UU 

■.:•■.■ 

>!? 

0) 

]   II 

V 

•.■  :■ 

u 

^. 

■■"■', 

^ 

250 

W 

m 

^;;;: 

H 

U. 

<•:••• 

•.•.■•. 

O 

200 

w^ 

' 

Oi 

'    ' 

M 

•~^ 

n 

150 

m 

iftH 

® 

•>-lv 

(^ 

^i 

v."; 

^ 

* 

rw 

100 

*• 

;'tI' 



— 

^^ 

50 

-.0. 

r7«j 

o" 

■rtr:- 

ws- 

■<-;e 

Wy 

0 

■•(-;•■ 

-•a 

••M-- 

>:'^ 

m 

:G: 

;g; 

••■M 

rCCC 

w»«i 

;-:o: 

i'>-: 

Jii: 

iii 

iiw 

^li 

iii 

iii. 

ail 

iVv.l 

2,000 

1,750 

H   1.500 

y    1.250 

i 

y  1.000 

U 

S       750 
D 

•J 

o 

>      500 

250 

0 


01         02         03 


Oth 


er  ipecie* 


Douglas- fii 


m 


t;-:c 
i;S: 
2i£. 


<  S.0  inch*! 

>  5.0  inchei 

<  5.0  inches 

>  5.0  inches 


31         32        33  61         62 

COMPARTMENT 


63 


92       93 


Figure  4. — Distribution  of  mortality,    by  species  and 
size  Glasses. 


of  the  18-year  gross  growth,  therefore 
following  normal  trends. 

Distribution  of  mortality  by  species 
and  size  class  varied  with  stand  structure. 
However,  differences  in  amount  of  mortal- 
ity were  not  closely  related  to  this  varia- 
tion.    Thirty-eight  percent  of  the  cubic 
volume  lost  was  in  trees  smaller  than  5- 
inch  d.  b.  h.   ?nd  10  percent  was  in  trees 
larger  than  11-inch  d.  b.  h.     Additional 
information  on  size  and  crown  class  dis- 
tribution of  dead  trees  has  already  been 
presented  in  the  discussion  of  treatment 
(tables  2  and  3). 

Causes  of  Mortality 

Mortality  has  been  categorized  by 
seven  "causes" — suppression,  unhealthy, 
uprooted,  broken,  logging,   snow  and 
freeze,  and  unknown.     For  purposes  of 
comparison,  losses  due  to  each  cause 
have  been  expressed  as  a  percent  of  total 
volume  lost  in  unthinned  stands  and  in 
thinned  stands  (table  4).     Since  total  mor- 
tality averaged  less  in  thinned  stands,   a 
given  percent  corresponds  to  less  cubic 
volume  in  thinned  stands  than  in  unthinned 
stands.     The  "unhealthy"  category  includes 
all  dead  standing  trees  which  died  of  root 
rot  or  which  had  been  observed  to  be  un- 
healthy at  the  previous  measurement.     It 
does  not  include  trees  which  were  wind- 
thrown  because  of  root  rot;  all  uprooted 
trees,   regardless  of  cause,  were  classi- 
fied as  "uprooted.  "    "Unlaiown"  includes 
both  trees  which  we  could  not  classify  and 
those  which  we  inadvertently  failed  to 
classify. 

Relative  losses  due  to  root  rot  and 
storm  damage  were  similar  in  thinned 
and  unthinned  stands.     Suppression  mor- 
tality was  twice  as  great  in  unthinned 
stands  as  in  thinned  stands  and  accounted 
for  about  half  of  the  Douglas-fir  volume 
lost  in  unthinned  stands.     Logging  damage 


was,  of  course,  confined  to  thinned  stands 
and  accounted  for  15  percent  of  the  Douglas- 
fir  volume  loss.     Losses  due  to  this  cause 
tended  to  be  greater  on  the  9-year  thinning 
cycle  and  less  on  the  3-year  cycle;  most 
were  a  result  of  the  initial  thinning. 

Distribution  of  Mortality  Over  Time 

Distribution  of  mortality  over  time 
was  very  erratic.     Mortality  tended  to  be 
greater  in  thinned  stands  during  the  first 
period  and  greater  in  unthinned  stands 
during  the  more  recent  periods  (table  5). 
Most  of  the  breakage  and  much  of  the 
uprooting  were  associated  with  the  snow 
and  windstorms  inentioned  earlier.     How- 
ever, broken  trees,   as  well  as  those 
suffering  other  types  of  damage,  often  did 
not  die  during  the  period  in  which  they 
were  damaged. 

Damage 

Growth  rate  was  not  clearly  related 
to  type  or  severity  of  damage,  as  we  have 
defined  them.     Many  of  the  trees  which 
survived  the  18-year  period  have  suffered 
damage,   including  several  of  the  100  largest 
Douglas-fir  per  acre.     Some  of  this  damage 
quite  obviously  reduced  the  growth  of  the 
damaged  trees,  whereas  other  damage  had 
no  apparent  effect  on  growth.     Also,  many 
trees  on  which  we  have  noted  no  damage 
have  shown  unexplainable  rapid  decline 
in  growth  rate. 

TREE  SIZE  AND  CROWN  CLASS 

Thinning  only  slightly  changed  the 
relative  tree  size  distribution  in  favor  of 
larger  trees  (fig.   5).     Since  there  is  no 
way  of  reasonably  adjusting  for  pi-etreat- 
ment  differences  in  size  distribution,  the 
most  valid  comparison  possible  is  between 
the  average  of  thinned  compartments  and 
the  most  comparable  (best)  unthinned 
compartment.     The  number  of  residual 
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Table  4. — Distribution  of  dead  volume  by  oausel! 


Cause 


Unthinned 


Thinned 


-Percent  of  total- 


DOUGLAS-FIR 


Suppression 

Unhealthy 

Uprooted 

Broken 

Logging 

Snow,  i'reeze 

Unknown 


48 
12 
13 
11 
0 
1 
15 


26 
13 
18 

9 
15 

0 
18 


ALL  SPECIES 


Suppression 

Unhealthy 

Uprooted 

Broken 

Logging 

Snow,  freeze 

Unknown 


45 
10 
15 
11 
0 
0 
18 


22 
7 

15 
8 

20 
2 

28 


U   Trees  1.5  inches  and  larger  in  d.b.h 


Table  5, --Distribution  of  mortality  over  time— 


Treatment 

Period 

21 

-ye 

ar  total 

1 

2 

3 

4 

5 

6 

7 

7 

^eroent  of  pretreatmer 
3.7         6.6         4.9 

it  cubic 
3.6 

Unthinned 

3.5 

2.3 

3.4 

28.0 

3-year  cycle 

4.0 

1.8 

3.2         3.0         1.2 

.6 

.6 

14.4 

6-year  cycle 

5.5 

2.1 

1.9         1.9         1.6 

1.0 

.5 

14.4 

9-year  cycle 

5,9 

1.3 

1.1          1.4         1.7 

1.4 

1.3 

14.1 

—  All  species,  trees  1.5  inches  and"  larger  in  d.b.h, 
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Figure  5. — Stems  per  acre   larger  than  specified  minimum  d.b.h.   Douglas-fir 
component  only. 


sawtimber-size  trees  is  less  in  thinned 
than  unthinned  stands,  and  the  thinned 
stands  still  contain  a  substantial  number 
of  smaller  merchantable  trees.     Likewise, 
thinned  stands  generally  have  fewer  resid- 
ual dominant  and  codominant  trees  than 
unthinned  stands  but  still  contain  sub- 
stantial numbers  of  intermediate  trees 
which  are  of  merchantable  size.     As 
regards  tree  size  distribution,  the  benefit 
of  increased  rate  of  diameter  growth  on 
remaining  trees  was  largely  offset  by 
removal  of  many  larger-than-average 
trees  in  thinnings. 

D.b.h.  and  Height  of  Largest  Trees 

Average  d.b.h.  of  the  100  largest 
trees  per  acre  is  frequently  used  as  a 


measure  of  "crop  tree"  development.     In 
the  case  of  Voight  Creek,  this  average  is 
rather  meaningless  since  an  average  of 
44  percent  of  the  original  100  largest 
Douglas-firs  on  thinned  plots  was  re- 
moved in  thinnings  (table  3).     If  we  choose 
the  largest  40  Douglas-fir  trees  per  acre 
(eight  per  plot)  as  our  measure  of  crop 
tree  development,  thus  using  a  common 
European  standard,  the  impact  of  cutting 
the  larger  trees  is  reduced,  although  not 
overcome.     In  the  18th  year,  d.b.h.  of 
these  trees  averaged  17.4  inches;  periodic 
annual  increment  during  the  preceding 
15  years  averaged  0.28  inch  (table  6). 
Growth  on  these  largest  trees    was 
slightly,  but  not  significantly,  greater 
in  thinned  stands  than  in  unthinned 
stands. 
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Table  6.--D.b.h.   and  height  growth  of  the   largest  Douglas-fir  trees, 

between  ages   42  and  56 


Compartment  1/ 


D.b.h.   of  40  largest  trees^/ 


Ending 
d.b.h. 


15-year 
p .  a .  i .  1/ 


leight  of  five  tallest  trees 


4/ 


Ending 
height 


15-year 
p . a . i .  1/ 


01 
02 
03 

31 
32 
33 

61 
62 
63 

91 
92 
93 

Average 


14 

0 

17 

0 

19 

0 

16 

6 

20 

5 

18 

0 

16 

0 

17 

2 

19 

4 

15 

.8 

17 

.8 

16 

.9 

Inches - 


0.19 
.21 
.30 

.29 
.31 
.28 

.29 
.27 
.31 

.23 
.31 
.33 


103 

1.27 

118 

1.73 

132 

1.87 

117 

1.40 

127 

1.27 

127 

1.80 

118 

1.73 

123 

1.73 

131 

1.73 

114 

1.20 

123 

1.53 

123 

1.27 

17.4 


.28 


122 


1.57 


—    First  digit  of  compartment  number  denotes   thinning  interval   and  second  digit 

denotes  replication.     Each  compartment  average  is  based  on  5  plots,   except  for  3,   4, 
and  2  plots,   respectively,   on  compartments  33,   62,   and  93. 

L'    D.b.h.   of  the  8  largest  Douglas-fir  trees  per  plot  (40  per  acre). 

1/   Periodic  annual    increment. 

2/   Average  height  of  the  tallest  measured  Douglas-fir  trees   per  plot   (5  per  acre) 


A  reasonable  estimate  of  dominant 
height  and  height  growth  may  be  obtained 
by  considering  only  the  one  tallest  mea- 
sured tree  per  plot  (five  per  acre).—/     At 
age  56  (18  years  after  the  initial  thinnings) 


'  There  was  often  a  wide  variation  in  lieights  of  domi- 
nant trees  on  any  one  plot;  at  age  56,  the  range  in 
heights  of  measured  dominant  Douglas-fir  trees  ex- 
ceeded 20  feet  on  10  plots. 


heights  of  these  tallest  trees  averaged 
122  feet.     During  the  preceding  15  years, 
height  growth  of  these  trees  averaged 
about  1.  6  feet  per  year  (table  6).     Varia- 
tions around  this  average  were  not  closely 
related  to  either  initial  height  or  treat- 
ment, although  it  appears  that  thinning 
may  have  reduced  height  growth  in  some 
instances.     This  is  in  line  with  earlier 
observations  of  reduced  height  growth  on 
released  codominant  trees  (Reukema 
,1964b). 
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CUBIC  VOLUME  GROWTH  AND  YIELD 

Total  18-year  Growth 

The  measured  18-year  gross  growth, 
averaged  by  compartments,   ranged  from 
about  3,350  to  5,200  cubic  feet  per  acre 
(186  to  289  cubic  feet  per  year)  and  bore 
no  significant  relationship  to  treatment 
(table  7).     However,  when  we  adjust  for 
pretreatment  differences,  then  it  is  appar- 
ent that  thinning  reduced  gross  growth  by 
an  average  of  about  20  percent  (fig.   6). 


In   unthinned    stands,     18-year 
growth    averaged    84    percent    of   pre- 
treatment volume,    and  growth  in  all 
three  compartments  was  very  close 
to  this   average.     Growth  in  the  thinned 
compartments    averaged    only    67    per- 
cent   of   the    pretreatment    volume;   it 
varied  widely    around    this    average 
but   was    always    less    than    in   unthinned 
stands.      Greater    variation    is    to   be 
expected    in    thinned    stands,     since 
there    was    such   wide    variation     in 
treatment. 


Table  1  .--Cubic  volume  growth  and  yield-^ 


Compartment—' 


Pretreatment 
volume 


Ending 
volume 


Percent 
change 


18-year  gross   increment 


Volume 


Percent  of 
pretreatment 


— 

Cubic 

feet 

-Cubic  feet- 

01 

4,088 

6,813 

66 

3,59/ 

88 

02 

4,767 

7,900 

66 

4,027 

84 

03 

6,263 

9,305 

49 

5,162 

82 

31 

5,723 

5,802 

1 

4,053 

71 

32 

6,873 

7,148 

4 

5,184 

75 

33 

6,930 

7,057 

2 

4,528 

65 

61 

5,186 

5,773 

11 

3,952 

76 

62 

6,198 

5,406 

-13 

3,571 

58 

63 

7,065 

6,864 

-3 

4,534 

64 

91 

5,305 

5,431 

2 

3,341 

63 

92 

5,717 

6,393 

12 

4,160 

72 

93 

7,515 

7,464 

-1 

4,669 

62 

-'   All  species. 

trees  1 .5 

inch 

es  and  larger 

d.b.h. 

2/ 

-  First  digit  of  compartment  number  denotes  thinning  interval  and  second  digit 

denotes  replication.  Each  compartment  average  is  based  on  5  plots,  except  for  3,  4, 

and  2  plots,  respectively,  on  compartments  33,  62,  and  93. 
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Figure   6. — Relationship  between  inavement  and  pretreatment  volume. 


Trends  in  Periodic  Growth 

Fluctuations  in  3-year  periodic 
growth  are  associated  with  both  treatment 
and  climate.     The  most  obvious  influence 
of  climate  in  this  instance  was  the  reduc- 
tion in  growth  rate  associated  with  the 
1955  freeze.     Other  variations,  most  likely 
associated  with  precipitation  and  temper- 
ature, are  apparent  in  the  periodic    growth 
rates  of  unthinned  stands.     Effects  of  treat- 
ment cannot  be  readily  seen  until  we  first 
remove  the  effects  of  this  climatic  varia- 
tion.    This  has  been  accomplished  by  ex- 
pressing growth  in  thinned  stands  as  a 
percent  of  that  in  corresponding  unthinned 
stands  (fig.   7).^/ 


'  With  growth  expressed  as  a  percent  of  pretreatment 
volume  to  adjust  for  initial  differences. 


In  all  periods,   gross  growth  in 
thinned  stands  has  been  less  than  that  in 
unthinned  stands.     The  greatest  reductions 
in  growth  rate  occurred  in  the  period 
immediately  following  initial  thinnings,  at 
which  time  the  reduction  in  growth  rela- 
tive to  unthinned  stands  tended  to  be  about 
equal  to  the  percent  of  volume  which  was 
cut.     Growth  in  the  second  period  follow- 
ing each  thinning  generally  exceeded  that 
in  the  first,   indicating  a  partial  redistri- 
bution of  gTowth  after  a  short  delay. 

Growth  reduction  associated  with 
the  1955  freeze  (i.e. ,  in  the  third  period) 
was  greater  in  thinned  than  in  unthinned 
stands.     Reductions  in  growth  following 
thinning  in  this  period  were  greater  than 
average  for  such  light  thinnings.     However, 
rate  of  recovery  was  also  greater  in 
thinned  stands. 
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Figure   7. — Growth  in  thinned  stands  relative  to  unthinned, 
adjusted  by  pretreatment  volume    (average  of  three  blocks). 


Indications  are  that,  without  further 
thinning,  growth  per  acre  in  thinned  stands 
will  slowly  approach  that  in  unthinned 
stands.     However,  during  the  most  recent 
period  (18  to  21  years  after  initial  thinning), 
growth  in  thinned  stands  still  averaged  15 
percent  less  than  that  in  unthinned  stands. 

Growth   Percent 

Growth  percent  provides  a  measure 
of  efficiency  of  residual  growing  stock — 
growth  per  unit  of  growing  stock.—'    Treat- 
ment did  not  have  a  significant  effect  on 
growth  percent  during  the  first  period;  it 
tended  to  reduce  growth  in  proportion  to 


'  Growth  percent  is  defined  as  3-year  periodic  annual 
growth  divided  by  average  volume  present  during  that 
3-year  period. 


the  amount  of  growing  stock  removed. 
Thereafter,  growth  percent  was  consist- 
ently greater  in  thinned  than  in  unthinned 
stands  (fig.   8).     Increases  in  relative 
growth  percent  immediately  following 
subsequent  thinnings  generally  were  closely 
related  to  severity  of  cut;  the  more  severe 
the  cut,  the  greater  the  increase  in  rela- 
tive growth  percent. 

Growth  percent  in  thinned  stands 
relative  to  unthinned  stands  has  increased 
fairly  steadily  over  time.     During  the  most 
recent  period  (18th-21st  years),  the  aver- 
age growth  percent  in  thinned  stands  was 
about  25  percent  greater  than  that  in  un- 
thinned stands.     With  no  further  thinning, 
the  difference  should  tend  to  remain  nearly 
constant. 
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Figure  8. — Feriodio  annual  growth  -pevoent,   by  treatment  and  period. 


Redistribution  of  Increment 

The  increase  in  growth  percent 
achieved  by  thinning  is  due  to  a  combina- 
tion of  two  factors:    (1)  growth  of  individual 
residual  trees  is  improved  and  (2)  less 
efficient  trees  are  removed.    The  first 
involves  a  true  redistribution  of  the  growth 
capacity  of  the  site;  the  second  does  not. 
If  the  less  efficient  trees  were  cut,  the 
growth  percent  of  the  stand  would  be  in- 
creased even  if  there  were  no  redistribu- 
tion of  increment.    Likewise,  if  the  more 
efficient  trees  were  cut,  growth  percent 
could  be  reduced  even  if  there  were  some 


redistribution  of  increment.      This  pre- 
sumably accounts  for  reduced  growth 
percent  in  some  instances  following  the 
initial  thinnings. 

Examination  of  periodic  growth  of 
surviving  trees  shows  that  there  was,  in 
fact,  a  substantial  improvement  in  their 
growth  rate  relative  to  that  during  the  first 
period  of  observation  (fig.  9).—/     in 


'"Unfortunately,  this  first  period  of  observation  was 
the  period  beginning  3  years  after  initial  treatment;  we 
had  no  measure  of  growth  prior  to  treatment  and  could 
not  use  the  first  period  after  treatment  because  many 
trees  were  not  included  in  the  smaller  sample. 
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figure  9,  growth  during  each  3-year  period 
is  expressed  as  a  percent  of  the  average 
pretreatment  (age  38)  volume  for  each 
treatment.     The  dotted  lines  show  the  trends 
of  total  growth  per  acre  in  successive  per- 
iods.    The  bottom  solid  line  represents 
the  growth  trend  of  trees  which  survived 
the  entire  18-year  thinning  period,  and 
the  other  solid  lines  represent  trees  which 
survived  for  shorter  periods  of  time.     The 
total  growth  per  acre  was,  of  course,  dis- 
tributed over  progressively  fewer  trees  in 
each  successive  period.     Thus,  the  trees 


which  accounted  for  100  percent  of  the 
growth  per  acre  at  one  point  in  time  (e.  g. , 
18  years  after  initial  thinnings)  had  ac- 
counted for  only  a  portion  of  the  growth 
at  an  earlier  point  in  time.     The  differ- 
ences between  the  dotted  line  and  the  solid 
line  in  the  period  prior  to  their  conver- 
gence indicates  the  portion  of  total  growth 
which  was  added  to  trees  which  were  then 
cut  during  the  subsequent  period,  and 
which  growth  we  hoped  to  redistribute. 

Note  that  whereas  growth  in  all  treat- 
ments was  much  less  in  the  third  period 
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than  in  the  second  (primarily  because  of 
the  1955  freeze),  relative  growth  in  sub- 
sequent periods  varied  substantially  with 
treatment.     For  example,  in  the  unthinned 
stands,  growth  of  each  component  was  less 
in  the  fourth  period  than  in  the  second, 
whereas  in  thinned  stands  it  was  consis- 
tently greater  in  the  fourth  period  than  in 
the  second.     Likewise,  growth  of  each 
component  in  thinned  stands  further  in- 
creased substantially  in  the  fifth  period, 
whereas  that  in  unthinned  stands  remained 
nearly  constant.     This  reflects  the  stimu- 
latory effect  of  thinning  on  growth  of  sur- 
viving trees. 

Yields 

At  age  59,  21  years  after  the  initial 
thinnings,  thinned  stands  contained  about 


two-thirds  as  much  residual  volume  as 
did  unthinned  stands:    6,  625  vs.   10,  000 
cubic  feet,  when  adjusted  to  the  average 
pretreatment  volume  (fig.   10).     In  addition 
to  this  standing  volume  of  6,  625  cubic  feet 
in  thinned  stands,  thinnings  (including 
salvable  mortality)  captured  about  3,  555 
cubic  feet.    Thus,  if  we  were  to  make  the 
final  harvest  today,  total  usable  volume 
obtained  from  thinned  stands  (final  har- 
vest plus  thinnings)  would  be  1.  8  percent 
greater  than  that  from  unthinned  stands. 

We  can  use  normal  yield  tables 
(McArdle  et  al.   1961,  Staebler  1955)  and 
past  trends  from  this  study  to  predict 
production  to  age  80 — the  anticipated  time 
of  final  harvest.     The  resulting  net  yield 
in  unthinned  stands  at  age  80  will  be  13,200 
cubic  feet.    If  we  assume  that  gross  growth 
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in  thinned  stands  will  average  90  percent 
of  normal  (and  the  control)  and  that  mor- 
tality will  be  50  percent  of  normal,  then 
the  volume  present  at  age  80  will  be  10, 120 
cubic  feet.     This  volume  plus  the  3,  555 
cubic  feet  removed  in  thinnings  gives  a 
total  usable  production  of  13,  675 — 3.  6 
percent  more  than  that  from  unthinned 
stands.     If,   instead,  growth  averages  95 
percent  of  normal  and  mortality  35  per- 
cent of  normal,  then  residual  volume  at 
age  80  will  be  10,  595  cubic  feet.     Total 
usable  yield  will  be  14,  150  cubic  feet — 
7.2  percent  more  than  from  unthinned 
stands.    Actual  yield  should  be  within 
this  range,  probably  closer  to  the  lower 
value. 

DISCUSSION 
AND 
MANAGEMENT  IMPLICATIONS 

The  commercial  thinning  bulletin 
(Worthington  and  Staebler  1961)  states 
that  two  major  objectives  of  commercial 
thinning,  if  realized,  will  result  in  eco- 
nomic gain:    (1)  redistribution  of  growth 
potential  of  the  stand  to  optimum  advantage, 
involving  tree  size  and  quality  considera- 
tions; and  (2)  utilization  of  all  merchant- 
able material  produced  by  a  stand  during 
a  rotation. 

A  substantial  amount  of  mortality 
was  associated  with  initial  thinnings. 
Thereafter,  the  amount  of  mortality  oc- 
curring in  thinned  stands  was  clearly  less 
than  that  in  unthinned  stands.     Subsequent 
thinnings  salvaged  much,  but  not  all,   of 
the  merchantable  mortality  which  did  occur. 
A  little  more  was  lost  on  the  longer  thin- 
ning cycles  than  on  the  short  cycles. 

Gains  from  redistribution  of  growth 
depend  upon  whether  remaining  trees  will 
speed  their  growth  rate   sufficiently 


to  make  up  for  the  loss  in  growth  of  trees 
removed.    In  the  case  of  Voight  Creek,  we 
did  not  succeed  in  fully  redistributing 
growth  over  a  21-year  period.     Variation 
in  the  amount    of    reduction   was    not 
influenced  by  thinning  interval  per  se. 
Variation  from  one  period  to  another 
and  that  among  compartments  thinned  on 
the  same  cycle  was  influenced  by  severity 
and  type  of  thinning,    but  the  effect  of 
each  variable  alone  could  not  be  deter- 
mined.   Undoubtedly,    if  thinnings  could 
have  been  begun  earlier,  growth  capacity 
of  the  site  would  have  been  more  efficiently 
redistributed.    Possibly  if  fewer  of  the 
largest  trees  had  been  cut,    growth 
would  have  been  redistributed  more 
completely. 

There  is  a  difference  in  opinion  as 
to  what  constitutes  a  "wolf  tree.  "    Many 
trees  which  were  so  categorized  and  cut 
for  that  reason  likely  would  have  been 
left  by  someone  else.    An  average  of  52 
percent  of  the  cut  trees  were  dominants 
and  codominants,   including  44  of  the 
original  100  largest  Douglas-fir  trees 
per  acre.    Thus,  whereas,  on  the  average, 
thinnings  at  Voight  Creek  removed  trees 
having  poorer-than-average  growth  per- 
cents  (after  initial  thinning,  at  least), 
many  of  the  most  rapidly  growing  trees 
were  cut.     Initial  thinnings  had  a  greater 
impact  on  growth  per  unit  growing  stock 
than  did  subsequent  thinnings,  probably 
because  of  the  removal  of  these  more 
vigorous  trees. 

Volumes  removed  at  the  initial 
thinnings  were  all  reasonable.    Current 
guidelines  call  for  removing  up  to  33  per- 
cent of  the  volume  in  a  single  cut.—/ 
Subsequent  thinnings  were  probably  made 


' '  Unpublished  stocking-level  guides  prepared  for  Re- 
gion 6,  U.S.  Forest  Service,  by  David  Bruce  and  Donald 
Reukema,  1972. 
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a  little  too  frequently  and  removed  too 
much  of  the  volume  accrued  since  the 
previous  thinnings.     Therefore,  growing 
stock  was  reduced  to  too  low  a  level  at 
the  more  recent  thinnings  and  was  allowed 
to  increase  less  than  generally  considered 
desirable. 


Contrary  to  what  some  land  managers 
expect,  thinning  only  slightly  changed  rela- 
tive tree  size  distribution  in  favor  of 
larger  trees.    The  benefit  of  increased 
rate  of  diameter  growth  was  largely  off- 
set by  removal  of  larger  trees.    These 
thinnings  perhaps  reduced  the  number  of 
sawtimber  size  trees  more  than  an  aver- 
age amount.     However,   if  the  better  dom- 
inants and  codominants  are  to  receive 
adequate  release,  then  other  dominants 
and  codominants  must  be  cut;  thus  the 
number  of  such  trees  in  the  residual 
stand  is  reduced.     Likewise,  there  is  no 
reason  to  cut  intermediate  trees  so  long 
as  they  are  maintaining  an  adequate  growth 
rate  and  are  expected  to  survive  until  the 
next  entry.     Their  removal  affords  little, 
if  any,   release  to  neighboring  dominant 
and  codominant  trees. 


When  the  study  was  established,  it 
was  thought  that  the  6-year  cycle  would 
be  nearly  optimum,  that  the  9-year  cycle 
would  reduce  growth  due  to  removal  of 
too  much  volume  at  a  single  thinning,  and 
that  the  3-year  cycle  would  remove  too 
little  volume  at  a  single  cut  to  be  econom- 
ically feasible.    However,  it  was  found 
that,  within  the  range  applied,  thinning 
interval  had  little  effect  on  either  growth 
or  cost  of  thinning.     Growth  over  the  total 
21-year  period  was  reduced  about  equally 
on  all  thinning  cycles.     With  highly  mobile 
equipment,  amount  of  volume  removed 
had  little  effect  on  thinning  cost. 


SUMMARY 

AND 

CONCLUSIONS 

stands  in  which  commercial  thinnings 
were  made  at  varying  intervals,  beginning 
at  age  38,  have  now  been  observed  for  21 
years.     Four  treatments  were  compared: 
light  thinning  at  3-year  intervals;  moder- 
ate thinning  at  6-year  intervals;  heavy 
thinning  at  9-year  intervals;  and  no  thin- 
ning.   All  thinning  treatments  were  de- 
signed to  remove  about  the  same  volume 
over  an  18-year  period.     Site  index  on  the 
210-acre  experimental  forest  on  which 
data  were  collected  averages  about  145 
and  ranges  from  about  100  to  170.     The 
stand,  which  became  established  in  about 
1912,   shows  typical  variation  in  stocking, 
density,  and  species  composition. 

Initial  thinnings  removed  averages 
of  12,  22,  and  31  percent  of  pretreatment 
volume.     Subsequent  thinnings  plus  mor- 
tality removed  an  average  of  90  percent 
of  the  increment  accrued  since  the  pre- 
vious thinning.     Eighteen  years  after 
initial  thinnings,  standing  volume  was 
nearly  equal  to  pretreatment  volume  and 
was  about  64  percent  of  what  it  would 
have  been  if  the  stands  had  not  been  thinned. 
Size  of  cut  trees  was  generally  greatest 
at  initial  thinnings,  where  they  were  larger 
than  average;  those  cut  at  subsequent  thin- 
nings were  smaller  than  average.     Over 
half  of  the  cut  trees  were  in  the  dominant 
and  codominant  crown  classes  and    included 
an  average  of  44  of  the  original  100  largest 
Douglas-fir  trees  per  acre. 

Mortality  volume  was  generally 
much  less  in  thinned  than  in  unthinned 
stands.     Suppression  mortality  was  much 
greater  in  unthinned  stands,  where  it  ac- 
counted for  half  of  the  total  mortality 
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volume,  whereas  logging  damage  caused 
15  percent  of  the  mortality  in  thinned 
stands.     Amount  of  mortality  was  greater 
in  thinned  stands  during  the  period  imme- 
diately following  initial  thinnings  and 
greater  in  unthinned  stands  subsequently. 
Many  surviving  trees  were  damaged,  but 
the  effect  of  this  damage  on  growth  of 
the  tree  was  erratic. 

Eighteen  years  after  initial  thinnings, 
thinning  had  caused  only  a  slight  change 
in  relative  d.b.h.  distribution  in  favor  of 
larger  trees.    Thinned  stands  now  contain 
fewer  sawtimber  size  trees  than  unthinned 
stands  and  still  contain  smaller  merchant- 
able trees.     Thinning  apparently  caused 
only  a  slight  improvement  in  d.  b.  h.  growth 
rate  of  the  largest  trees  and  had  little 
effect  on  their  height  growth. 

Thinning  reduced  gross  cubic  volume 
growth.    On  the  average,  relative  18-year 
growth  was  20  percent  less  in  thinned 
stands  than  in  unthinned  stands.     In  all 
periods,  gross  growth  in  thinned  stands 
has  been  less  than  that  in  unthinned  stands, 
the  greatest  reduction  in  growth  taking 


place  immediately  following  thinnings. 
Immediate  reduction  in  growth  rate  asso- 
ciated with  the  1955  freeze  was  greater 
in  thinned  than  in  unthinned  stands;  how- 
ever, rate  of  recovery  was  also  greater 
in  thinned  stands.     Indications  are  that 
growth  per  acre  in  thinned  stands  will  slow- 
ly approach  that  in  unthinned  stands,  but  it 
currently  averages  about  15  percent  less. 

Growth  percent  in  thinned  stands 
relative  to  unthinned  stands  has  increased 
over  time  and  is  currently  about  25  per- 
cent greater  in      thinned  stands.      The 
increase  in  growth  percent  achieved  by 
thinning  is  due  to  a  combination  of  (1)  im- 
proved growth  of  residual  trees  and  (2) 
removal  of  less  efficient  trees.     Both 
factors  had  a  substantial  impact. 

Usable  cubic-foot  yields  to  date 
(i.e. ,  residual  volume  plus  thinnings  and 
salvable  mortality)  are  less  than  2  percent 
greater  in  thinned  than  in  unthinned  stands. 
A  prediction  indicates  that  total  usable 
production  to  age  80  might  be  about  5  per- 
cent greater  in  thinned  than  in  unthinned 
stands. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
(elated  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  -  as  directed  by  Congress  -  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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ABSTRACT 

Direct  beam  solar  radiation  is  presented  in  graphical 
and  tabular  form  for  hourly,   daily y   and  yeaj'ly  values  for 
seven  slopes  on  each  of  IQ  aspects  from  the  Equator  to  60 
degrees  north  in  10 -degree  increments.     Theoretical  equations 
necessary  for  the  calculations  are  given.      Solar  altitude 
and  azimuth  during  the  day  and  year  are  also  presented  for 
the  same   latitudes. 

Kejrwords:    Solar  radiation,    slopes,    aspects. 
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INTRODUCTION 

Solar  energy  is  by  far  the  most  important  climatic  factor.     There  are  many 
situations  in  which  accessible  information  concerning  solar  intensity  might  be  used.     For 
example,   it  is  a  significant  parameter  in  ecological  problems  dealing  with  silviculture, 
entomology,  pathology,  and  fire  control. 

Optimum  use  of  solar  energy  requires  knowledge  of  the  exact  location  of  the  sun 
and  the  magnitude  of  insolation  at  any  time  of  the  day  and  year.     Tables  and  graphs  have 
been  prepared  which  give  the  sun's  location  (that  is,  altitude  and  azimuth)  as  a  function 
of  latitude,  time  of  day,   and  year  (Smithsonian  Institution  1958,   Hutchinson  and  Cotter 
1955).     More  recently,  computer  programs  have  been  written  which  give  not  only  the 
sun's  location  but  also  direct  solar  radiation  on  a  horizontal  surface  (Robertson  and 
Russelo  1968,   Furnival  et  al.    1969).     However,  direct  solar  radiation  on  a  horizontal 
surface  may  not  be  as  useful  as  radiation  on  sloping  surfaces  or  vertical  walls.      Such 
tables  have  been  prepared  by  Frank  and  Lee  (1966)  and  Fons  et  al.   (1960).     These  tables 
present  either  daily  solar  radiation  values  or  coefficients  which  have  to  be  multiplied  by 
direct  solar  radiation  on  a  horizontal  surface  for  specific  aspects,   slopes,  and  latitudes. 
Such  tables  are  of  limited  use  because  of  the  range  of  latitudes  and  slopes  presented  and 
because  additional  calculations  are  required.     Therefore,  computer  programs  were  modi- 
fied and    written  to  calculate  direct  solar  radiation  on  selected  slopes  and  aspects  in 
10-degree  increments  from  the    Equator  to  60  degrees  north.     These  results  are  pre- 
sented in  tabular  form  and  as  graphical  plots  of  hourly  and  daily  values, 

THEORY 

Theoretical  derivation  of  the  necessary  equations  has  been  given  by  Byram  and 
Jemison  (1943),    Fons  et  al.   (1960),  and  Frank  and  Lee  (1966),  among  others.     These 
equations  are  presented  here  for  completeness.     A  sample  surface  is  located  in    the 
Northern  Hemisphere  as  shown  in  figure  1.     The  sun  is  directly  overhead  at  point  p  on 
meridian  Iq  with  a  declination  6.     The  sample  surface  is  located  at  latitude  (|),  point  r, 
on  meridian  mq  which  has  an  hour  angle  h  from  the  meridian    Iq  .     The  surface  afgi 
has  a  slope  a  from  the  horizontal    jo,  a  deviation  of  e  from  the  vertical    ad,  and  an 
aspect  g  from  the  north    no . 

The  sun's  rays  are  striking  the  surface  at  r  with  an  altitude  angle    Sok  ,  called 
A,     from  the  horizontal.       The  altitude  A    is  given  by: 

sin  A    =  sin  i>  sin  6    +  cos  <^  cos  6   cos   J2  ; 
and  the  azimuth  AZ  from  the  north,  where  AZ  -  Z  +  90  degrees,   is  given  by: 

sin  AZ  =  -  cos  6   sin  /2/cos   A  . 
The  solar  intensity  I  on  the  surface  afgi  is: 

I  =  IJ>  1/si"  ^  sin  e 
where 

sin  e  =  sin  a  cos  ct  -  cos  A  sin  a  sin  (Z-:-)- 


I„    is  the  radiation  at  the  top  of  the  atmosphere  on  a  surface  normal  to  the  sun's 
rays  and  p  is  the  atmospheric  transmission  coefficient, 

A  computer  program,  written  by  Furnival  et  al.   (1969),  calculated  direct  solar 
radiation  at  the  top  of  the  atmosphere  on  a  surface  parallel  to  the  earth's  surface.     This 
program  was  modified  to  calculate  direct  solar  radiation  at  the  earth's  surface  on  any 
slope  and  aspect,  at  latitudes  from  0  to  60  degrees  north,  with  any  atmospheric  trans- 
mission coefficient. 


RESULTS  AND  DISCUSSION 

Hourly  solar  radiation  was  computed  for:    slopes  in  15-degree  increments  rang- 
ing from  level  to  a  vertical  wall;  16  aspects,  in  22-1/2-degree  increments;    20  selected 
days  of  the  year;  latitudes,  in  10-degree  increments,  from  0  to  60  degrees  north;   and 
atmospheric  transmission  coefficient  of  0.  9.     The  possible  combinations  are  detailed  in 
table  1.     Other  options  may  have  been  desirable  but  were  too  costly.     At  latitudes  greater 
than  60  degrees,  where  the  sun  does  not  set  on  certain  days,  the  computations  become 
more  difficult  and  so  were  omitted. 

The  atmospheric  coefficient  of  0.9  was  selected  because  it  was  representative 
of  conditions  on  the  top  of  a  mountain,  about  1,  500  m. ,  on  a  clear  day.     Other  values 
would  be  useful  for  some  areas  where  atmospheric  pollution  is  severe.     List  (Smithsonian 
Institution  1958)  presents  seasonal  totals  of  direct  solar  radiation  with  different  atmos- 
pheric coefficients  at  many  latitudes.     These  values  may  be  useful  for  comparison. 

The  hourly  computations  for  the   selected  days  are  displayed  in  four  ways  as:    (1) 
isograms  of  radiation  drawn  on  graphs  of  time  versus  slope  for  specific  days,  aspects, 
and  latitudes,  (2)  daily  totals  in  tabular  form  for  specific  days,   aspects,  and  latitudes, 
(3)  isograms  of  daily  totals  versus  days  for  specific  latitudes,  and  (4)  annual  totals  in 
tabular  form  for  specific  slopes,  aspects,  and  latitudes.     The  details  of  display  are  dis- 
cussed in  the  following  section. 

The  computed  values  apply  only  to  surfaces  on  level  terrain  where  sunrise  and 
sunset  are  not  restricted  by  topographic  features.     Many  applications  of  the  radiation 
values  are  in  city  or  mountainous  areas  which  have  limited  day  length.     Other  computer 
programs  can  be  utilized  for  these  special  applications  J;      Knowledge  of  the  solar 
altitude  and  azimuth  as  a  function  of  the  time  of  day  and  day  of  year  is  required  to  com- 
pute solar  radiation  for  these  areas.     List  (Smithsonian  Institution  1958)  presents,  in 
convenient  graphical  form,  solar  azimuths  and  elevations  for  the  same  days  and  latitudes 
as  listed  in  table  1.     For  completeness,  the  graphs  are  duplicated  here  (figs.  51-57).—/ 


— /  Ross  Lake  Solax'  Program^   Forest  Meteovologij ,   College  of  Forest  Resources, 
University  of  Washington. 

— /  Courtesy  of  the  Smithsonian  Institution  Press,    Washington,    B.C. 


EXPLANATION  OF  FIGURES  AND  TABLES 

Isograms  of  direct  solar  radiation  (hourly  values  drawn  for  every  10  and  labeled 
for  every  20  cal.  cm.~^)  were  drawn  on  graphs  of  time  (hours)  versus  slope  (degrees) 
for  each  of  the  nine  aspects  and  each  of  the  8  days  at  the  seven  latitudes.     For  conven- 
ience, all  of  the  graphs  for  a  specific  day  and  latitude  have  been  reduced  and  displayed 
together  (figs.  2-36).     Some  subfigtires  are  labeled  double  because  the  east  and  west 
aspects  are  mirror  images  with  respect  to  solar  radiation.     The  degree  of  slope  is  denoted 
across  the  bottom  of  each  graph.     The  reader  should  note  that: 

(1)  the  left  axis  radiation  values  (zero  slope)  for  each  graph  for  a  given  day  are 
the  same  for  the  same  hours  of  each  day, 

(2)  the  south-facing  walls  (right  axis  of  subfigui-e  south)  are  in  sunlight  when  the 
north-facing  walls  (right  axis  of  subfigure  north)  are  not, 

(3)  the  east-facing  slopes  are  in  sunlight  while  the  comparable  west-facing  slopes 
are  not, 

(4)  the  hours  of  daylight  decrease  from  summer  (fig.  21)  to  winter  (fig.   17),  and 

(5)  the  degree  of  slope  receiving  the  most  radiation  increases  from  summer  to 
winter  as  the  sun's  altitude  decreases. 

The  second  method  of  presentation  of  the  radiation  data  is  in  tabular  form.     The 
hourly  values  were  accumulated  to  form  daily  totals.     These  are  presented  in  tables  2-8 
as  a  function  of  degree  of  slope  and  aspect  for  each  of  the. 20  days  and  for  each  latitude. 
(See  table  1  for  days  of  equal  value. ) 

The  daily  totals  of  solar  radiation  for  selected  north-,  east-,  and  south-facing 
slopes  were  plotted  versus  day  of  the  year  (figs.  37-50).  There  are  two  graphs  for  each 
latitude,  one  containing  the  isograms  for  level,  north  30-,    north  60-,  north  90-,   and 
east  30-degree  slopes,  and  the  other  containing  isograms  for  east  60-,  east  90-,   south 
30-,   south  60-,  and  south  90-degree  slopes.     These  graphs  can  be  used  for  quick  com- 
parison of  various  slopes  and  aspects;  it  should  be  noted  that  the  values  for  the  east  and 
west  slopes  are  ecjual.     The  latter  half  of  the    year  can  be  assumed  to  be  symmetrical 
to  the  first  half. 

Annual  values  of  solar  radiation  for  each  slope  and  aspect  are  given  in  tables 
9-15.     Small  errors  exist  in  these  totals  because  it  was  assumed  that  the  period  from 
December  22  to  June  22  was  identical  to  the  period  from  June  22  to  December  22.     This 
error  is  small  compared  with  variations  in  atmospheric  transmission  coefficients  and  in 
determining  the  slope  and  aspect  of  a  particular  surface. 

Solar  altitude  and  azimuth  for  the  seven  latitudes  are  given  in  figures  51-57 
The  user  should  refer  to  table  1  for  the  approximate  date  of  the  various  declinations. 
For  example,  the  declination  of  -5  degrees  occurs  on  March  8  and  October  6.     Figxire  51 
shows  the  solar  azimuth  at  10:00  a.m.  on  either  of  the  above  dates  to  be  100  degrees  and 
the  elevation  to  be  60  degrees  above  the  horizon.     Intermediate  latitudes  can  be  linearly 
interpolated. 
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Table  1. --Input  data  from  which  hourly  values,  daily  and  yearly  totals 
of  direct  solar  radiation  were  computed  using  the  atmospheric 
transmission  coefficient  of  0.9 


Approximate  date 


Declination 


Latitude 


Slope 


Aspect 


December  22 

-23°27' 

0 

0 

N 

Jan.  21-Nov.  22 

-20° 

10 

15 

NNE-NNW 

Feb.  9-Nov.  3 

-15° 

20- 

30 

NE-NW 

Feb.  23-Oct.  20 

-10° 

30 

45 

ENE-WNW 

Mar.  8-Oct.  6 

-5° 

40 

60 

E-W 

Mar.  21-Sept.  23 

0° 

50 

75 

ESE-WSW 

Apr.  3-Sept.  10 

+5° 

60 

90 

SE-SW 

Apr.  16-Aug.  28 

+  10° 

-- 

-- 

SSE-SSW 

May  1-Aug.  12 

+15° 

-- 

-- 

S 

May  21 -July  24 

+20° 

-- 

-- 

— 

June  22 

+23°27' 

"" 

"" 

" 

Table  2    -Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  0  degrees  north  latitude 


(Cal .  cm"2  day"') 


SLOPE 
(OEGREES) 


LATITUDE   0  OEGREES  NORTH,  DEC.  22 

»SPECT 

N    MNE    NE   ENE    E    ESE    SE   SSE    S 

>lNM    H¥       KNH    M    NSH    SH   SSM 


71*  71*  71<i  71*  711.  711.  7H.  711.  711. 

571.  687  61<.  652  695  736  770  795  80<i 

1.06  "i29  1.91  567  6*6  716  779  623  8*0 

216  263  361  *71  576  662  735  79*  618 

**  111  2*2  372  *90  581  650  711  7*1 

0  15  1*7  280  397  *79  531  580  613 


IS 
30 
HS 
60 
75 
90 


SLOPE 
(□E3REES) 


il   199   302   368   39S   *09   **3 


LATITUDE   0  OEGREES  NORTH,  FEB.  23 

ASPECT 

N    KNE    NE   ENE    E    ESE    SE   SSE    S 

NNH    NVl   KNM    H    WSN    SH   SSH 


766  766  766  766  766  766  756  766  766 

687  692  707  726  7*6  76*  778  789  792 

562  678  612  665  69*  723  7**  757  76* 

*02  *33  *96  555  520  651  668  677  685 

217  275  37*  *6*  529  557  559  551  558 

35  13*  256  361  *29  *50  *33  39*  39* 

0  *6  163  263  327  3*1  307  23*  202 


LATITUDE   0  OEGREES  NORTH,  JAN.  21 

ASPECT 
SLOPE        N    NNE    NE   ENE    £    ESE    SE   SSE    S 
(DEGREES)  NNM    NN   KNM    N    MSM    SM   SSM 


0  733  733  733  733  733  733  733  733  733 

15  609  619  6**  677  715  750  779  800  808 

30  **9  *70  527  595  66*  72*  776  813  828 

*5  262  307  *G0  500  592  66*  722  770  791 

60  81  153  276  399  505  579  630  67*  700 

75  0  *0  176  302  *09  *75  506  533  961 

90  0  3  101  216  311  363  373  359  385 


SLOPE 
(OEGREES) 


LATITUDE   0  DEGREES  NORTH,  HAR.  8 

ASPECT 

N    NNE    NE   ENE    E    ESE    SE   SSE    S 

KNM    Nti   MNN    M    HSM    SM   SSM 


771  771  771  771  771  771  771  771  771 

717  719  729  7*0  751  760  766  770  772 

61*  62*  6*6  676  699  712  716  718  721 

*69  *91  538  590  62*  635  630  621  620 


60 


29*   338   *17   *90   533   539   516   *8*   *78 


102   188   299   385   *32   *32   391   326   302 


81   195   28*   330   325   271   179   107 


LATITUDE   0  OEGREES  NORTH,  FEB.  9 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(OEGREES)  KNM    NM   NNM    M    HSM    SH   SSM 


75*   75*   75*   75*   75*   75*   75*   75*   75* 


652   660   560   706   735   761   782   798   80* 


30 


508   527   57*   629   683   727   76*   788   799 


335   373   *52   536   609   661   698   72*   7*0 


1*7   21*   326   *35   520   569   595   61*   631 


0    85   217   33*   *21   *63   *70   *61   *78 


20   13*   2*1   321   353   3*1   291   293 


SLOPE 
(DEGREES) 


LATITUDE   0  DEGREES  NORTH,  MAR.  21 

ASPECT 

N    NHE    NE   ENE    E    ESE    SE   SSE    S 

NNM    NM   MNM    H    MSN    SH   SSM 


769  769  769  769  769  769  769  769  769 

7*1  7*1  7**  7*8  7*9  7*9  7*6  7**  7** 

663  667  676  691  697  693  680  672  668 

539  5*9  579  610  622  612  68*  556  5*7 

379  *0*  *61  512  531  51*  *67  *12  389 

193  260  339  *07  *31  *D9  3**  257  20* 

0  123  230  303  329  305  235  126  5 


Table  2    -Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  0  degrees  north  latitude   co/vr/A/afD 


LATITUDE       0    DEGREES    NORTH,    APR.     3 

ASPECT 
SLOPE  N         KKE         NE      ENE         E         ESE         SE      SSE         S 

(DEGREES)  HttU  NN       NNM  N  MSN  SN       SSM 


0  759  759  759  759  759  7S9  759  759  759 

15  758  7S6  753  7'.8  7^0  730  72C  711  709 

30  70<t  703  701  699  689  668  6<<0  620  610 

1,5  603  60<(  615  623  615  583  531*  Ii90  i»70 

60  Ii61  l»€9  503  528  526  ii85  m6  3ii0  299 

75  287  31it  380  "123  *25  382  299  192  110 

90  9<>  171  263  318  325  282  196  8".  0 


(Cal .  cm"  day' ' ) 


SLOPE 
(DEGREES) 


LATITUDE   0  DEGREES  NORTH,  MAY  21 

ASPECT 

N    KNE    NE   ENE    E    ESE    SE   SSE    S 

NNM    NN   MNM    H    HSM    SH   SSH 


692   692   692   692   692   692   692   692   692 


763   756   735   708   67".   635   607   58".   571. 


30 
ifS 
60 
75 


782  768  733  683  627  661  it9/  """tS  "123 

71t7  728  682  627  569  1.71  37£  289  21.6 

662  638  596  5i»7  '.76  376  255  1*3  75 

532  506  1.80  i.<.9  386  286  166  37  0 

365  3<.€  353  3<.3  291.  J03  SU  2  0 


LATITUDE   0  DEGREES  NORTH,  APR.  16 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  NNM    Nt<   MNN    H    NSN    SH   SSN 


71,1,  71.1.  71,1,  7i.«  7*%  7**  71.1.  7<ii.  7<ii. 

767  763  75l|  71.2  725  705  6BS  675  670 

737  730  719  701  675  638  598  566  551 

656  651  bitk  630  602  551  1.86  ii27  397 

533  527  538  539  511.  1,53  367  271.  219 

372  375  *16  1.35  1.17  353  255  136  39 

186  220  291.  329  318  258  162  1.8  0 


LATITUDE   0  DEGREES  NORTH,  JUN.  22 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  NNH    Nk   NNH    V  NSN    SN   SSN 


668  668  668  668  668  668  668  668  668 

753  7<i5  722  690  651  611  576  51.9  538 

786  771  729  670  605  531  i»»0  1.02  380 

766  THH  688  620  539  1.1.I  338  21.7  203 

69<i  666  609  51.1.  1.59  31.8  227  lOi.  <*i 

57*  5«i3  Ii97  I.<i9  372  262  138  l*  0 

1.15  383  370  31.5  283  186  76  0  0 


<»5 


75 
90 


LATITUDE   0  DEGREES  NORTH,  HIT  1 

ASPECT 
SLOPE       N    NNE    NE   ENE    h    ESE    SE   SSE    S 
(DEGREES)  NNN    NM   NNH    H    NSH    SN   SSM 


0  722  722  722  722  722  722  722  722  722 

15  769  763  7<.8  728  703  676  651  632  625 

30  761.  753  730  696  651.  603  550  606  1.88 

1»5  706  692  667  632  583  611.  1.33  358  323 

60  £01  685  568  61.1.  1.98  1.17  315  207  m3 

75  l|55  1.39  1.1.9  1.1.3  1.03  321  208  83  0 

90  277  277  325  337  307  231  125  20  0 


Table  3. --Daily  values  of  direct  solar  radiation. computed  for  selected  slopes,  aspects,  and  days 

at  10  degrees  north  latitude 

(Cal.   cm"^  day"') 


LATITUOe     10     rrCREES    NORTH,     DEC.     22 

ASPECT 
SLOPF  N         NNE         NE       ENE  K  FSE         SE       SSE 

(D^GUFfS)  NNH  NW       MNW  M  WSH         SW       SSW 


ISTTTur'F     10    TECRaS    NOfiTH,     FEB.     23 

ASPECT 
SLOPF  t  NK'F         Nf       ENT  t  rst         SE       SSf 

(O^GRFFS)  NNW  NW       WMW  M  HSW         SW       SSM 


60°       cOg       609       60q       609       609       60  9       609       609 


^1?        "12       712       Ti.2       712       712       712       712       712 


^6       htb      iige       5'»0       F91       61.2       68  it       712       723 


bO^        '12       633       652       69^       72?       7l»9       765       772 


273       30't       370       1.57       5i,9       537       713       767       7  67 


9".       11.7       253       372       1.91       ^98       69 1»       770       7=8 


:,rr-        !,7L       5J5       686       61.7       699       739       767       779 
2'9       318       1.05       1,96       679       61.1       68  7       718       733 


31       151.       390       1.20       535       6J5       720       751. 


01       170       288       1.02       1.97       558       596       621      637 


89       217       31.2       ^50       F37       621       659 


61,       19h       311       1.05       1.59       1.79        1.83       1.98 


fc8       153       262       352      1.15       1.79       519 


0  22       122       228       312       352       352       322       325 


LATITUCr     10    OFf.RTFS    NORTH,     J«N.     21 

ASPECT 
SLOPE  K  ^NF         NF       EN"^  ^  ESE         SE       SSE  5 

<0lGf!Fr5)  ^.^B  NH       WNH  H  HSx         SW       SSH 


LCTITUCf     in    CEGP'ES    NORTH,    MAR.     8 

ASPECT 
SLOP-  N  NN^  NE       E  NE  t  ESE  SE       SSE  S 

(OfG'^rrS)  NNW  NH       HNN  W  HSM  SH       SSH 


6i'l       61)1       61.1       5'.1       61.1       61.1       61.1       61.1       61.1 


'37        737       737       737       737       737       737        737       737 


,97        508       535       577       623       669       707       733       71^3 


=  6       673      695       718       71.0       75  7       768       773 


322       360       1.12       1.93       580       660      72  7       775       7<3i, 


J19       535       571.      623       670       706      732       71.9       756 


138       189       292       1.06       519       616       70  0       755       790 


3,1,       387       1.58       535       600       51.2       667       681      688 


0  61       190       321       1.1.5       51.7       632        702       7  33 


167       232       31.0       1.39       511.       55i.      568       656       573 


75 


5       111.       21,3       363       1.58       529       592       527 


0        109       235       31.3       1.20       1.51       VtB       422       1.19 


0         65       171.       278       357       1.O  <♦       1.1.I       1*77 


0  1.1.       161.      252       322       31.3       322       263       237 


LATITUOF    10    DEGRfcFs    NORTH,    FEB,    9 

ASPECT 
SLOP"  N         NNE         NE       FN£  F  £SE         SE       SSE  S 

(OrGREfS)  NNW  NW       MNW  W  MSH  SH       SSW 


LATITUDE    10    CIEGRitS    NORTH,     MAR.     21 

ASPECT 
SLOPF  N  NNF  NE       ENF  F  ESF  SE       SSE  S 

(DEGREES)  NNH  KM       NNH  W  HSH  SM       SbW 


6»1        08I       681       581       581       681       631        681       581 


5S3       561.       589      621.       663       702       733       754       762 


392       1.15       472       541.       618       684       738       776       792 


215       ?F6       3..9       451*       553       633       698       746       767 


756  756  765  756  756  756  755  756  756 

504  697  708  722  737  749  75  8  763  765 

585  595  620  666  687  707  715  722  724 

435  U56  ^10  570  614  635  639  633  633 


33       114       241       354       475       657       617       5(5       690 


2    7        302       391       ..73       5  26       543       532       607       498 


30       l'-4       279       38 


ib2       507       539       556 


93       203       298       358       379       380       404 


61        162       279       373       429       438       40  9       3'=5       370 
0  74       185       277        329       330       23  5        203       139 
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Table  3.  -Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at   10  degrees  north  \atnude    continued 

(Cal.   cm"2  ddy"l) 


L«TITUDF    10    OEGREFS    NORTH,     APR.     3 

ASPECT 
SLOP^  N         NNE  HE       ENE  E  ESE         SE       SSE  S 

(DEGREES)  NNH  NH       HNH  H  HSW         SH       SSN 


LATITUTF     in    DF&R.rS    NORTH,     HAY    ?1 

ASPECT 
SLOPC  N  NNE  N"       EN^  f  :s^  SE       SSf 

(Orr.REPS)  NMH  NH       HNW  M  WSW  SH       ESH 


7c7        767       767       76''       767       767       767        767       767 


731        '32       735       71,2       71.8       751       751        7?0       7';l 


tU^       the       662       662       696       699       69  2       688       68". 


7-^9  ,";9  759  7<=°  7^9  759  759  759  7<;9 
7C-B  793  779  759  737  713  690  672  6f7 
(•83        77l(       7'-0       719       683       638       590        551       5  31 


515       52i<       5Fg      599       622       622       60  3       579       570 


715        701       671.       61,7       607       51,5       ".7  1        1.03       370 


3'^0       372      i»39      501       532       525       <.«9       I4I.3      1,17 


91       566      552       515       '♦'<3       Sit  7       21,6       190 


161        221       323       398       432       ',19       365        289       238 


1,1.0        ,22       ".".O       I,','?        1,11,        339       230       106  27 


10       111       220       298       330       313       2i»  7       11.7         1.9 


2''2        252       311,       337        313       21,1       136  19 


LATITUPE    10    OEGP-ES    NOPTH,     APR,     16 

ASPECT 
SLOPE  S         NNE         fE       I NE  E  rSE         S^       SSE         S 

(OFGRE'^S)  NNW  KH       WNH  H  HSH         SH       SSH 


LATITUnf     10    fEGRltS    NORTH,     JUN.     22 

ASPECT 
"^LOPF  N         NNE         NE       ENE         E         ESE         SE       SSE         S 

(D'GRE'^S)  NNH  NH       HNH  W  MSM  SW       SSH 


771        771       771       771       771       771       771        771       771 


71-7       71.7       71.7       71,7       71,7       71(7       71,7       71,7       71,7 


15 


7(0       759      756       755       751       71,5       738       731       730 


902        796       778       752       725       695       66  8        6U7       61,1 


697       b'ih       698       7  01       698       686       6&lt       61.9       6  39 


302        790       768       718       671       617       55  0       515       1(91, 


586       586       603      520       623       502       563       625       505 


71.8       731       692       650       595       522       W8        361       325 


1,35   1.1,1   1,85   523   531   503   1*1,   378   31,2 


61.3   622   588   557   5  01,   1,19   313   203   11,7 


255   281   361   1,18   1,31   397   32^   227   156 


1,93        1,70       1,60       1,50       1.01,       317       199  70 


57       152      21^2       311,       328       292       212  99 


311       289       333       31,1       301.       222       113 


LATITUDE    10    DEGREES    NOPTH,    MAY    1 

ASPECT 
SLOPE  N         NNE         NE       EN^  E  ESE         SE       SSE         S 

(OFGRE^Sl  NNH  NH       HNH  H  HSH         SH       SSH 


769  769  769  769  759  769  7d  9  769  769 

783  780  771  761  71,8  733  718  705  702 

713  737  727  713  691,  565  63  0  603  588 

6"=3  61,5  61,2  636  618  577  519  1,67  1,39 

■^19  511  521  5,0  526  1.76  397  311.  261, 

319  31.9  1,02  1,31-  1,25  370  278  164  86 

I'E  198  283  328  323  258  17  3  65  0 
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Table  4. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  20  degrees  north  latitude 

(Cal.   cm-2  day-1) 


LATITUOF    20    OFGREES    NORTH,    DEC.    22 

ASPECT 
SLOPE  N         KNF         NE      ENE         E         ESE        SE       SSF 

(DEGREES)  NNM  NM       MNW  W  USM  SM       SSM 


k'iZ       1.92      '.'92      1*9?      it<32       '•92      '■92       "192       it°? 


327       339       37'.       '.23       ".78       533       Ml       613       621. 


150       182       255       3klf       kkl       5'*5       f30       692       71i» 


51       156       278       1.03       528       639       721.       755 


75 


87       215       351       '.S't       607       706       71.1. 


0         1.9       162       293       1.20       535       61.1       683 


23       118       230       338       1.35       531       575 


LATITUOr     20    PEGi='FS    NORTt-,     FFR.     23 

OSPFCT 
SLOPE  N         NNC         KE       ENE  E  FSE         S"^       SSE 

(OFGPcFS)  NNW  NH       HNW  \t  MSH         SH       SSK 


•^31.  631.  631.  611.  631.  631,  63^  631.  671. 

501  511  537  571.  617  658  693  715  721. 

336  360  1.20  :.9f  576  61.9  706  71.8  761. 

150  205  305  1.1''.  519  608  679  731  752 

0  82  208  335  1.50  51.0  610  661.  689 

0  2^  136  261  372  1.56  512  551  579 

0  10  88  193  289  357  392  1.07  1.30 


LATITUOF    20    DEGREES    NORTH,    JAN.     21 

ASPECT 
SLOPE  r  ^NF  KE       ZK"^  E  ESE         SE       SSE  S 

(DEGREES)  NNH  NH       MNH  W  NSM  SH       SSH 


533  533  533  533  533  ==33  533  533  533 

371.  385  1,17  1.61.  516  5by  61it  61.5  656 

191.  226  298  387  1.81  '^75  651.  713  7  31. 

29  85  190  312  <»33  550  653  732  761 

0  8  115  21.1.  376  1.99  611  702  737 


75 


18"=       311       1.29       531       623       663 


37       131.       21,3       31,2       1,22       502       5i,i, 


lATITUDf     20    OEGFEFS    NORTH,     MAR.     8 

ASPECT 
KLO?F  K         NNE  NE       ENE         F         ESE         SE       SSE         S 

(n^G'^EFS)  NNH  NH       HNH  H  HSH  SH       SSH 


677       E77      677       577       677       677       67  7       677      677 


'62       571       593      625       660       691.       722       739       71.6 


1.08       1.29       1.83      550       618       677       721       753       76", 


229       271.       365       1,65       557       628       681       716       730 


1.0       136       262       380       1.83       551,      601       630       61.7 


0         55       178       299       399       1.62      1.93       506       519 


2=       118       223       311       360       369       351.       356 


LATITUOt    20    DEGREES    NOFTH,    FEB.    9 

ASPECT 
SLOP"^  N         NNE  NE       ENE  E  ESE         SE       SSE 

(DEGREES)  NNH  NH       HNH  H  HSH         SH       SSH 


■=87  ^87  557  587  587  587  587  5  87  587 

1.1.1  1.51  1.79  520  568  616  657  681.  6°i. 

2t5  291.  359  kUZ  529  613  68  2  731,  753 

«i,  11,3  21.7  3S3  1,75  579  667  731,  761 

0  39  1F8  288  1.11  518  610  686  716 

0  6  96  220  338  1.1,0  52  0  588  621. 


59       159       262       31.6       1.05       1.51       1.88 


LATITUDE    20    DEGREES    NORTH,    MAR.    Zl 

ASPECT 
SLOPE  N         NNE         NE      ENE         E         ESE        SE      SSE         S 

(DEGREES)  NNH  NH       HNH  H  HSH         SH       SSH 


0  716  716  716  716  716  716  715  716  716 

15  623  628  61.7  672  699  721.  71,3  756  761 

30  1.87  502  51.5  600  653  697  725  71.7  751, 

1,5  517  350  1,29  511.  588  61.0  672  688  6?5 

60  127  200  315  1,23  508  556  581  585  589 

75  0  95  221.  331.  1.19  1.5°  1*6  1.1.9  1.1.3 

90  0  1.7  151  2':0  325  353  3fc  0  29'.  2f7 
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Table  4. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  20  degrees  north  latitude    coA/rwcfD 

(Cal.    cm-2  day-1) 

LATITUDE    20    DEGREFS    NORTH,    APR.    3  LATITUGF    20    DECR  =  '^S  NOFTH,    H6Y    ?i 

»SPECT  ASPECT 

SLOPE                    N         NNE         NE       ENE          t          ESE         SE  SSE  S  ^iLOP'^  N         MME  ^F  EN-^          F  t  SF  S  t^  SSE         « 

(OKPREES)                            NNH          NM       HNM          N          MSW         SW  SSW  (DFCDEES)  ^NH  t«  WNH          W  HSW  "^W  SSH 

0                       7<<9       71(8       71.8       7k»       7"<8       Tite  7^9  71.8  7'i8  0  HOO       SuO  Bno  800       800  800  CO  n  600       800 

15                        679       682       693       711       729       7i.5  75  7  76".  767  15  .iri,        P02  795  785       771.  762  75  0  71.3       7  H 

30                      5f2       571       600      61.3       691       708  722  731  731.  30  7^4       71,9  jja  730       71s  693  665  61,3       631 

«l5                      1.08       426      1.68       557       611       61.I  653  652  650  b5  6  52       61.6  639  51.2       631,  602  555  609       1.83 

60                       226       270       371       1,62       526       553  55  2  53<,  522  60  506       1.98  517  51,0       5  36  U97  1,28  353       311 

75                         28       11,3       266       365       1.31       1,1,9  Wl  387  369  75  325       j2i  386  1,31       1.31  386  3o  0  198       132 

90                              1,          75       181.       275       333       31.0  305  233  175  90  123        181  273  323       321.  275  185  67             D 

LATITUDE    2n    DEGREES    NORTH,    APR.    16  LATITUDE    20    DEGRFES  NORTH,     JUN.     22 

ASPECT  ASPECT 

SLOPE                    N         NNE         NE       ENr          E          ESE         S"^  SSE  5  <;LnPF  M         NNE  NF  ENE          E  fSE  SE  SSE         S 

(OFGHEES)                            NNW          NH       HNN          N          HSH          SM  SSH  (DEGREES)  KNH  NH  HNW          H  HSW  SH  SSM 

0                        772        772       772       772       772       772  77  2  772  772  0  800        800  800  800       800  800  800  800       800 

15                        726       728       732       71.1       751       758  76?  7e^  766  15  821        818  807  792       771,  756  739  729       7  26 

30                      631       633      651       677       699       710  711  709  707  30  786       779  759  71.0      711.  682  61.5  616       601 

*5                      1,92       500       51,1       591       625       636  627  610  600  1(5  698       688  668  555       631  585  527  1.72       1,1,1. 

60                       320       31.0       1,20       1.93       536       5'»1  517  1,79  1,53  EO  562       51,9  51,1,  551       532  1,78  397  313       261, 

75                       1Z5       195       307       392      1.37       1.31.  392  327  282  75  387       373  1.13  1.1.O       1,26  356  271  157         90 

90                         21       101,       213       295       335       321,  267  171,  07  9  0  ipj       jgg  jqj  330       319  259  159  37            0 


lATITUCE    20    DEGREES    NORTH,    KAr    1 

ASPECT 
SLOPc^  N         NNE  Ni^       EN"^  E  ESE         SE       SSF         S 

(D>^GREES)  NNH  KW       HNH  H  HSH         SH       SSH 


790  790  790  790  790  790  790  790  790 

769  768  767  765  766  751,  759  767  757 

595  691,  598  705  711  705  692  680  572 

571.  573  593  519  533  622  695  561  51,2 

I'll,  1.16  1,69  519  539  622  1,76  1,18  385 

225  21=3  31,8  1,11,  1,36  1.12  31,7  261  201 

'6  11,0  21-2  311  332  302  226  119  31; 
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Table  5. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  30  degrees  north  latitude 

'Cal.  cm-2  day-') 


LATITUDE  30  OESREES  NORTH,  DEC.  ZZ 

ASPECT 
SLOPE       N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  KNM    NN   HNM    M    NSM    SH   SSN 


362  362  362  362  362  362  362  362  362 

198  212  2't7  297  355  i#ll  "tSe  't92  5014 

m  73  11.6  236  336  <t36  525  589  612 

0  0  77  188  311.  I.<.1  558  bi>S  677 


15 
30 
ifS 
60 
75 


<<1   1<4S   280   'tis   552   656   697 


2*   116   2'tl   378   509   625   669 


16    67   197   316   "437   550   596 


LATITUDE  30  DEGREES  NORTH,  FEB.  23 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    £SE    St   SSE    S 
(OESREES)  KNH    NH   WNN    N    HSM    SH   SSW 


0  53b  536  536  536  536  536  536  538  536 

15  386  396  kZb  ^70  519  569  612  fclia  650 

30  209  239  309  396  1(66  57it  6it5  701  720 

^5  31|  100  206  326  't'tZ  552  b't'i  713  7iil 

60  0  26  135  262  388  502  599  677  711 

75  0  7  67  205  326  <«35  52^  595  632 

go  0  2  57  1S<I  258  3<iS)  m8  <»7*  511 


LATITUDE  30  OESREES  NORTH,  JAN.  21 

ASPECT 
SLOPE       N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  NNH    NM   MNH    H    NSH    SN   SSH 


*10   <|10   '•10   *10   ".lO   itlO   1,10   "tlO   "tlO 


15 


60 
75 

90 


2'«'«  259  295  3<»5  it02  '•56  SO")  537  5119 

76  111  167  279  381  '»79  565  628  650 

0  13  107  225  352  '•78  590  675  707 

0  0  63  180  313  '•i»8  576  677  716 

0  0  39  litO  269  itOl  52*  632  675 

0  0  25  107  218  333  i»'i2  5i|lt  689 


LATITUDE  30  DEGREES  NORTH,  MAR.  8 

J>SPECT 
SLOPE       N    NNE    NE   ENE    t    ESE    SE   SSE    S 
(DEGREES)  KNH    NH  MU¥  H    NSH    Sf   SSN 


S'm      Sgif      59't       5911       Sgit       59i<       59<»      59'!      59<t 


15 


45 

60 


90 


<t55  ^66  itgi.  5314  579  623  660  683  692 

297  313  377  '(60  Si^lt  622  682  727  71.3 

100  161.  272  387  <»96  593  669  722  7<.3 

0  6<.  187  318  k37  535  612  667  693 

0  27  130  263  368  ".60  526  569  595 

0  11.  90  193  292  366  ".13  <t37  <.57 


LATITUDE  30  DEGREES  NORTH,  FEB.  9 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DESREES)  NNM    NN   WN)«    H    HSH    SM   SSN 


0  ".78  1.78  1.78  ".78  ".78  '.78  ".78  '.78  1.76 

15  317  328  363  1.11  1.65  517  561.  595  606 

30  11*1  175  21.9  31(1  1.39  532  611  672  693 

1,5  0  62  15P  277  1.02  521  62'.  702  732 

60  0  6  97  222  35'.  1.81  591.  685  722 


75 


63   171.   301   1.23   531   621   662 


39   132   21.2   31.6  kUt      515   558 


LATITUDE  30  DEGREES  NORTH,  HAR.  21 

ASPECT 
SLOPE       N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  NNH    NH   HNH    H    HSH    SH   SSH 


D  651  651  651  651  651  651  651  651  651 

15  530  536  563  596  536  673  702  721  728 

30  373  393  1.62  521.  598  663  710  71.1.  756 

<»5  190  238  338  1.1.6  5'.5  621.  681  718  731 

60  0  115  21.;  370  «|78  556  612  6*2  657 

75  0  56  171.  297  1.02  ^73  513  530  538 

90  0  31  123  22rt  318  375  391.  395  383 
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Table  5. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  30  degrees  north  latitude   co/vr/A/t/fo 

(Cal.  cm-2  day-1) 


LATITUDE  30  DEGREES  NORTH,  «PR.  3 

ASEECJ 
SLOPt        N    NtiE    Nk   ENE    £    ESE    SE   SSE    S 
(DEGREES)  KNM    NN   MMH    M    MSM    SM   SSH 


LATITUDE  30  OtGRftS  NOSTH,  M»r  21 

ASPECT 
^LOFE        N    NNt    NE   ENE    E    ESE    St   SSE    S 
(DEGREES)  NNH    ^^   MNH    H    MSH    iH   SSM 


30 


703       703       703       703       703       703       703       703       703 


60?       608       627       665       536       711)       735       750       756 


1161       <i75       521       563       6M3       692       727       7^9       757 


297       318       1.05       1)99       582       6i«2       681       701       707 


95       l7ll       300       <il<t       5Qe       566       596       506      608 


i»5 
80 


Alt  616  «ie  616  915  bie  316  51ft  816 

769  ?d9  /90  792  793  793  792  791  769 

709  709  712  725  736  735  729  715  711 

579  579  599  635  638  655  6  31.  602  585 

1.11  1.11  1.71  535  565  "iSi.  516  1.60  1.29 


75 


91   217   333   1.23   1.73   i«67   1.79  kb  i 


211.   21,1,   351,   ^30   1,61   1.1.1   361.   301   21.9 


1    53   152   255   332   366   361   327   297 


79   m7   25ii   327   353   326   252   Hii.    76 


LATITUDE  30  DEGREES  NORTH,  APR.  16 

ASPECT 
SLOPE         N    KNE    N£   ENE    E    ESE    5E   SSE    S 
(DEGREES)  NNM    N)<   HNM    H    MSH    SH   SSH 


LATITUDE  30  DEGREES  NORTH,  JUN.  22 

ASPECT 
SLOPE        N    KNE    NE   ENE    t    tSE    SE   SSE    S 
(DEGREES)  NNM    Nk   HNk    M    MSM    SM   SSM 


71.6   71.6   71.6   71.6   7i.6   71,6   7^.6   71.5   71.6 


333   633   933   833   633   833   833   833   833 


667   671   693   702   725   71.5   759   770   771. 
51.2   650   583   631   677   711   733   7<.S   750 


925   923   819   816   910   801.   796   790   786 


750   757   753   755   751   739   722   700   692 


45 


381       397       1.65       5iiii       609       650       671       b75       67i. 


ifS 


61.1.       6I.D       61.3      66^       571       652       517       573       551 


193       238       350       <i52       527       565       575      565       563 


1.83   1.78   513   560   571.   51,7   1.92   1.22   387 


32   130   256   360   i»35   1.63   1.56   1.22   390 


290   292   389   1.52   1.66   <t32   357   259   206 


90 


11    75   181   273   339   353   328   267   <:19 


90 


119   179   260   31.5   359   316   226   108    1.2 


LATITUDE  3C  DEGREES  NORTH,  MAY  1 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  NNM    NM   MNM    M    MSM    SM   SSM 


783   783   783   783   733   783   793   783   783 


30 


727  730  736  71.6  758  769  777  783  786 

622  525  51.1.  671.  701.  723  732  73<t  735 

1.71.  1.80  525  561.  630  650  653  61.2  633 

291.  310  1.03  1.86  5<0  556  5i»5  515  1.92 


176   291.   366   1.1.1   1.1.7   mg   361.   325 


31   1C3   206   291   336   33i«   266   207   m3 
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Table  6. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  40  degrees  north  latitude 

(Cal.   cm"2  day-^ 


LATITUDE    ".O    DEGREES    NORTH,    DEC.    7Z 

4SPECT 
SLOPE  N         NNE         NE       ENE  E         ESE         SE       SSE  S 

(DEGREES)  NNH  NM       MNN  M  HSM         SH       SSH 


LSTITUriF     1.0    OEGRFFS    NORTH,     FEB.     23 

ASPECT 
SLOPP  N  NNE  NF       F  NE  ^  ^SE  SE       SSE 

fDFGREES)  NNM  NW       NNM  W  HSH  SM       SSH 


30 


229       229       229      229       229       229       229       229       229 


82         96       128       17-?       223       275       321       351       362 


2         5it       127       21".       306       390       ittg       1.70 


1-23       1.23       1.23       1.23       ".23       1.23       <.23       1.23      1.23 

2H       273       309       3^8       1.13       ^66       613       Bu?       5f6 

86       121.       202       295       395       1.88       57  0       629      651 


21  98       203       320      W3       517       51.6 


30       126       21.1.       369       1.89      593       671       702 


188       316       M.7       51.9       681. 


85       203       331.       1,62       5^6       668       706 


63       163       295       <t30       51.3      583 


75 


2    60   163   290   1.16   528   618   660 


90 


1.6   138   263   386   501   51.2 


0    1.1   130   239   31.8   ".l*!.   527   570 


LATITUDE  1.0  DEGREES  NORTH,  JAN.  21 

ASPECT 
SLOPE        N    NNE    NF   ENE    E    ESE    SE   SSE 
(DEGREES)  NNM    NH   MNH    H    MSM    SN   SSH 


LATITUDE  1.0  DEGREES  NORTH,  MAR.  8 

ASPECT 
SLOPE        K'    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DEGREES)  NNH    NH   HNH    H    HSH    SH   SSH 


278   278   278   278   278   278   27  8   278   278 


1.91       1.91      1.91       1.91       1.91       1.91       1.91       1.91      1.91 


15 


123       136      171       218       272       327       37  3       1,06       1,16 
0  21         87       170       262       367       Wti.       501.       5  26 

0  0         1.2      135       21,9       370       1.85       569      600 


30 


336       31.8       379      1.26       1.78       529       573       602      612 


160       192       268       360       1.51.       5i»i.      618       673      692 


71       180       300       1.21       531.      628       697       721. 


75 


21.       110       230       361       1.92       695       633 


16         89       200       335      l«8       581      623 


21.       123      21.8       377       1.97       696       671.      7  07 


11         88       202       326       1.1.0      535       605       642 


11  58       169       287       1.11.       52/       570 


61       169       266       363      1.39       1.99      533 


LATITUDE    1.0    DEGREES    NORTH,    FEB.    9 

ASPECT 
SLOPE  N  NNE  NE       ENE  E  ESE  SE       SSE  S 

(DfGREFS)  NNH  NH       HNH  H  HSH         SH       SSH 


LATITUDE    1.0    DEGREES    NORTH,     MAR.     21 

ASPECT 
SLOPE  N         NNE         NE       ENE  F         ESE         SE       SSE 

(DEGREES)  KNH  NH       HNH  M  HSH         SH       SSH 


3^.3  363  353  353  363  353  353  353  363 

189  20".  21.0  290  31.7  1.02  ".1.9  1.82  1.93 

31  58  11.1.  235  335  1.30  517  578  600 

0  I.  81.  191.  317  1.1.0  551  631.  666 

0  0  53  161  290  1.23  51.8  61-7  686 

0  0  37  132  261.  387  512  616  669 


15 


561.  561.  561.  561.  561.  561.  561.  •,61.  561. 

1.20  1.31  1.61  503  551  598  636  6^9  669 

21.8  276  31.6  1.36  523  606  66  8  713  7  29 

59  131.  21.8  372  1.85  687  666  719  738 

0  60  181  313  1.36  51.1  621  675  6':8 


75 


31.       131.       258       376       ^71.       51.5 


S9       610 


27       lOb       213       329      M.3       51.3       5e 


22         99       20'.       306       388       1.39       1.6&       i.»o 
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Table  6. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  40  degrees  north  latitude -co/vr/A/cfD 

(Cal.   cm-2  day"') 


LUTITUDE  "tO    DEGREES    NORTH,    APR.    3  LATITUDE    <.  0    DEGREES    NORTH,    MAY    21 

A«!PECT  ASPECT 

SLOPE  N         NNE         NE       ENE         E  ESE  SE  SSE         S  SLOPE  N  NNE         NE       ENF          E  fSE  S^  SSF  S 

(DEGREES)  NNH          NN       MNW          M  HSM  SH  SSM  DEGREES)  NNH          NM       MNM          H  MSM  SW  SSW 

0  633       633      633       633      633  633  633  633  633  0  811  all       811       811       811  811  811  811  811 

15  506        Sik       539       577       618  657  688  709  718  15  753  755       76?       775       790  802  811  815  811* 

30  suit       363      1*25      SOit       58<«  65<i  705  7'tO  753  30  (>'*'i  6'i8       665       70?      736  760  77?  769  768 

1,5  158       ?07       318       1.33       537  6?3  686  721.  7  37  (.5  '.89  1.96       BUZ      51".       568  693  697  583  673 

60  10       101.       231,       365       1.78  565  525  658  671  EO  302  312      1.23      520       582  502  691  557  632 

75  2         60       176       300       1.08  ".87  635  555  559  75  12?  193       3?!,      i.?3       1.85  i»9i.  1*3  1.03  371 

90  0          38       130       235       329  392  1,19  1.16  1.09  90  70  130      21.2      330       380  375  326  21.0  190 

LATITUDE  1.0    DEGREES    NORTH,    APR.     16  LATITUDE    1.0    DEGRfES    NORTH,     JUN.    22 

ASPECT  ASPECT 

SLOPE  N         NNE         NE       ENE          E  ESE  SE  SSE         S  SLOPE  N         NNE         NE       ENE         E          ESE  SE  SSE  S 

(DEGREES)  NNH          NN       MNH          M  HSH  SN  SSN  (DEGREES)                            NNW          NM       MNM          M          HSM  SH  SSM 

0  691.       69".      691.      691.       691.  691.  691.  691.  b'i't  0  81.3       81.3      81.3       81.3       «i.3       81.3  »i»  3  81.3  81.3 

15  581.       591      610       639      671.  705  731  71.9  7^6  15  802       803      805       811       819       825  828  828  827 

30  1.35       1.1.8      1.96      565       632  689  731  75b  766  30  705       707      716      7  39       762       771.  775  766  761 

«5  256       281.       379      .,82       676  61,5  692  717  721.  1,5  561       561.      589      51.5      685       697  68  8  66^  650 

eO  60       153       281.      1.05       506  576  616  631  633  60  378       382       i»62      51.6       591.       599  573  626  1.98 

75  11.         90       210       330      1.26  1.86  511  511  1.99  75  175       231       363      1.1.1.       1.91       1.81.  W9  366  326 

^0  6         57       151.       256       338  38?  388  363  337  90  98       151.      261.       31.3       382       362  299  199  11.7 


LATITUDE    1.0    DEGREES    NORTH,    NAY    1 

ASPECT 
SLOPE  N         NNE         NE       ENE  E         ESE         SE       SSE         S 

(DEGREES)  NNH  NH       MNM  M  MSM         SH       SSM 


753  753  753  763  753  763  753  753  763 

5t8  672  687  708  732  755  771.  786  7  87 

537  51,6  581  631.  688  727  755  766  771 

370  383  1.60  551  626  673  699  706  703 

177  221.  363  1.63  51.9  591.  60  9  599  586 

57  139  267  380  1.50  1.96  1.91  1.62  1.37 

3?  93  197  297  361'  386  360  306  263 
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Table  7. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  50  degrees  north  latitude 

(Cal.  cm-2  day-1) 

LATITUDE  50  0E3REES  NORTH,  OEC.  ZZ                                                                                          LBTITUOE  5u  DEGREES  NORTH,  FEB.  23 

ASPECT  ASPECT 

SLOPE        N    ^NE    NE   ENE    E    ESE  SE   SSE    S               SLOPE  N    NNE  NF   ENE    E    ESE    SE   SSc    S 

(DEGREES)            NNK    NN   MNN    M    MSN  SW   SSW                    (DEGREES)  KNM  NW   HNh    W    HSW    SH   SSM 

0         105   105   106   105   105   105   105   105   105  n 


12    3".    67   lO",   li^S   179   203   211 


"Ji,   105   175   2i»l   287   303 


0  295  295  295  295  295  295  295  295   295 

15  135  150  136  235   292  3it7  392  1,25  ii36 

30  0  33  105  193  287  382  itbb  'ilb  5(18 

W           0     0     1    35   106   195  286  351  373  (,5  0  3  6".  16<.   281  -.DC  509  590  £22 

60            0     0     0    30   102   201.  311  391  <.19  SO  0  1  -.e  li.3  266  396  517  615  653 

75            0     0     0    25    95   2O0  316  itOi,  '.36  75  0  0  31.  123  239  371  it96  597  6<.0 

90            0     0     0    19    81.   181  299  390  1.23  90  0  0  28  100  207  321.  imi  539  593 

LATITUDE  50  DEGREES  NORTH,  JAN.  21  LATITUDE  60  DEGREES  NORTH,  N«R.  8 

ASPECT  ASPECT 

SLOPE        N    NNE    NE   ENE    E    ESE  SE  SSE    S  SLOPE  N  NNE  NE  ENE  E  ESE  SE  SSE    S 

(DEGREES)            NNH    NH   HNH    N    NSM  SH  SSM  (DEGREES)  NNH  NM  HNN  M  NSM  SM  SSM 

0         151   151   151   151   151   151  151  151  151  0  373  373  373  373  373  373  37  3  373  373 

15          2i»    36    65   103   m9   195  236  263  273  15  211  223  259  309  365  ".19  1.66  1.99  510 

30            0     0    IS    77   150   230  301.  358  377  30  38  81.  162  255  351.  1,1.8  531  590  612 

«5            0     0     8    63   1^9   251  353  1.28  1.55  45  0  20  106  218  3«0  459  564  641  672 

60           0     0     1.    53   11.1.   259  377  i»69  502  60  0  7  76  188  316  1.1.1.  558  61.9  687 

75           0     0     3    1.6   132   250  377  1.76  515  75  0  «.  58  158  280  1.O8  523  612  655 

90           0     0     2    35   117   22*  351  *55  *92  90  0  1  1.3  128  238  31.9  1.51  535  578 

LATITUDE  50  DEGREES  NORTH,  FEB.  9  LATITUDE  50  DEGREES  NORTH,  HAR.  21 

ASPECT  ASPECT 

SLOPE        N    NNE    NE   ENE    E    ESE  SE  SSE    S  SLOPE  N  NNE  NE  ENE  E  ESE  SE  SSE    S 

(DEGREES)            NNN    NM   MNH    M    NSN  St*  SSW  (0E3REES)  NNM  NM  MNM  H  MSM  SH  SSM 

0          222   222   222   222   222   222  222  222  222  0  1.56  1.56  1.56  1.56  1.56  1.56  1.56  1.56  M56 

IS           7<l    88   121   167   218   269  315  31.5  356  15  298  310  3^l.  393  (.1.7  500  51.5  573  58l| 

30            0     2    51.   129   215   305  387  1.1.5  1.66  30  119  157  238  336  1.35  526  500  653  671 

1.5            0     0    26   106   208   323  1.32  515  51.1.  1.5  0  60  157  290  1.15  529  623  688  713 

60            0     0    16    69   200   325  1.1.9  51.9  5S5  60  0  32  128  253  381.  505  601.  677  706 

75            0     0    12    77   179   308  1.38  61.6  596  75  0  21  101  211.  31,1  1.59  555  620  651 

90           0     0    IC    51   156   271  397  506  51.8  90  0  15  77  178  298  389  i»67  526  552 
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Table  7. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  50  degrees  north  \amude    continued 

(Cal.  cm-2  day"') 

LATITUDE  50  DEGREES  NORTH,  APR.  3  LATITJOE  50  DEGREES  NORTH,  MAY  21 

ASPECT  ASPECT 

SLOPE        N    NNE    NE   ENE    E    ESE  SE  SSE  S  SLOPE  N    NNt  M  ENE    t  £S£  SE  SSE    S 

(DEGREES)           KNH    NM   NNM    H    HSH  SN  SSN  (OtbRtES)  NNH  N*.   HNH    M  HSH  SW  SEW 

0         S".!   61.1   51.1   em   S-tl   51.1  5<.l  51.1  51.1  0  78tl   78U  ni  780   790  700  730  780   780 

15          392   1.02   1.33   1.78   529   577  616  61.2  652  15  692   696  710  731   759  781.  802  S12   817 

30         217   21.3   319   1.11.   506   593  658  702  719  30  556   565  695  651.   712  759  7S8  800   798 

*5          27   111,   231.   359   1.78   581.  665  718  737  1,5  382   395  1.71  573   656  709  737  7m   737 

60            i»    61.   178   310   1.37   51.7  530  685  705  60  182   231.  372  1.92   581.  535  61.9  637   625 

75            0    1.3   11.0   261.   386   1.89  565  609  621.  75  101   161.  295  (,13   1,97  537  535  503   1.78 

90            0    31   109   215   321   1.08  1.61.  ".95  502  9D  63   121  23C  331   399  1.23  399  31.3   308 

LATITUOE  50  DESREES  NORTH,  APR.  15  LATITUDE  SO  DEGREES  NORTH,  JUN.  22 

ASPECT  ASPECT 

SLOPE        N    NNE    NE   ENE    E    ESF  SE  SSE  S  SLOPE  N    NNE  NE  ENE    E  ESE  SE  SSE    S 

(DEGREES)            SNH    Nh   MNH    H    MSH  SN  SSW  (DEGREES)  NNH  NW  I.NI.    H  USU  SK  SSN 

0         618   £18   616   616   618   618  619  613  518  0  630   630  630  630   830  830  830  830   830 

15         1.35   1.91.   515   559   501.   61.5  679  702  710  15  7o2   765  773  788   807  821.  835  81.2   81.5 

30         319   335   1.02   1.89   575   650  706  71.0  751.  30  5<i2   6<.8  655  712   758  792  807  809   807 

«          131   182   303   1.26   537   629  696  731.  71.7  45  1,78   i,87  536  626   695  733  7^2  733   725 

60           28   106   236   369   1.87   580  61.1.  679  689  60  282   301.  1.27  539   617  61.9  6i«3  6H.   599 

75           15    73   185   311   1.24   510  563  58i.  581.  75  155,   ^li.  31.1  *53   521.  5<tl.  518  1.68   <.lil 

90            7    52   11.5   252   31.9   i.l3  1.51  i»52  1.1.I  90  109   160  268  361.   1,19  1.22  376  301   262 


LATITUOE  50  DEGREES  NORTH,  MAY  1 

ASPECT 
SLOPE        N    NNE    NE   ENE    E    ESE    SE   SSE    S 
(DESREES)  NNH    NH   MNW    H    HSH    SW   SSH 


0  700  700  700  700  700  700  700  700  700 

IS  588  595  51<t  6<.7  583  717  7i»i.  750  755 

30  1.35  I.ii8  1.98  575  61.9  708  752  771,  780 

1^5  253  271,  387  5D2  603  575  723  71.3  7^6 

60  87  166  305  1.37  5i.it  615  555  561.  662 

75  49  117  21.5  369  1.70  533  557  550  532 

90  35  87  192  299  333  1.29  1.31.  1.02  377 
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Table  8 -Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  60  degrees  north  latitude 

(Cal.   cm-2  day-1) 


LATITUCF    50    CEGRfS    NORTH,    oec.    22 

dSPECT 


SLOPE 
(DtGREFS) 


NNE  NE       £NE 

NNM  NM       HNM 


f         ESE        SE      SSE 


LftTITUrJF     60    OECR.TS    'inRTH,     FTR.     23 

/iSPJCT 
^LOP":  K  NKF  Nc       TN'  ?  .-'SE  SE       ?SE  S 

(DFGREFS)  KK'W  NW       WNM  W  WSW         SH       S^W 


15  15         15 


15  15         15  15  IE 


ifci.      lei*     ifu     161.     ifi,     leit     lilt     161.     iei» 


15  29         1.2  50 


lit       Ifii.       210       253       282       2<32 


16    1.2    66    82    88 


30    92   168   250   326   381   1.00 


17    51    85   109   117 


19    51   172   271.   375   1.53   1.81 


18    57    99   128   137 


13    73   170   286   1.02   1.95   529 


18    59   106   138   11.9 


11    66   159   276   1.02   503   51.1 


16    57   106   139   150 


11.3   252   371*   1.77   516 


LATITUDF  60  DFC-REFS  NORTH,  JHN.  21 

ASPECT 
SLOPE         N    NNE    KF   ENF    ?  F  SE    SE   SSE    S 

(DEGREES)  NNH    KW   HNW    H    USH    SH   SSH 


I/ITITU'"''  iO  rEGRiF":  NORTH,  f^R.     8 

ASPECT 
SLOP-        K    NNl    NE   ENE    E    "^SE    SE   SSE    S 
(nfGRE'"S)  KNW    NW   WNW    H    MSW    SW   SSH 


1.1    1.1    1.1    1.1    1.1    1.1    1.1    1.1 


21.1.   21.:.   21.1,   21.H   21.1.   21,1,   ?i,i,   21,1,   31,1, 


19    1.2    58    92   107   113 


87   102   139   188   21.2   295   31.1   373   381. 


12    1.5    91   135   165   177 


15    75   1S6   21.7   338   1.19   1.76   1.98 


10    1.9   108   170   213   228 


3    53   11.2   21.9   35i»   1*9   51.8   579 


9    50   118   193   21.6   261) 


2    1.3   129   21.6   372   1.89   582   619 


1,9   120   203   262   282 


31.   118   228   356   1.79   576   618 


1.5   111.   igq   260   281 


0    30    99   201.   319   1.35   531   571. 


LATITUOt  60  C'EGREFS  NORTH,  FEB,  9 

ASPECT 
SLOPi^        K    NNF    NF   ENE    E    ESF    3E   SSE    S 
(OFGRFFS)  NNW    NW   HNH    H    HSH    SH   SSH 


LATITUDE  60  DEGREES  NORTH,  "lAR.  21 

ASPECT 
SLOPE        N    NNt    NE   ENE    E    ESE    SE   SSE 
(DEGREES)  NNH    NH   HNH    H    HSH    SH   SSH 


98  98  98  98  98  98  98  98 
e  29  61  98  139  17  3  198  205 
0     ^         £.6   104   172   237   281.   30O 


333   333   333   333   333   333   3  33   333   333 


169   183   2Z1   273   330   381.   1.31   m?       1.73 


139   233   331   ^21.   505   "=61   581 


1.0   110   197   285   350   371. 


38   110   210   311.   393   1.22 


0    23   102   210   331   '.1.8   5^9   622   650 
0    15    Sit       193   320   1.1.7   5  57   61.0   571. 


31.   106   208   321   1.09   1.1.I 


0    12    71   173   291-   1.22   531.   51?   6''3 


■17       192   307   307   1.30 


'9   11.'   2'=9   772   1.71. 
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Table  8. --Daily  values  of  direct  solar  radiation  computed  for  selected  slopes,  aspects,  and  days 

at  60  degrees  north  latitude  -continued 

(Cal.   cm-2  day-^) 

LATITUDE    60    PEGREES    NORTH,    APR.    3  LATITUO?  60    DEr,Rtrs  NORTH,    MAY    21 

ASPECT  ASPECT 

SLOPE                    N         NNE         NE       ENE         E          ESE         SE       SSE  S  SL  OPT  h         knF  n^  (;n:          f  fSE  SF       SSE          ■: 

(OFGREES)                            NNH          NM       HNN          H          HSt*          SH       SSM  (DFRREES)  NNM  NW  WNM          H  HSW  SH       SSH 

0                      1.29       1.29      1.29      i»29       1.29       1.29      1.29       1.29  1.29  0  733       733  733  733  733  733  73  3       733       733 

IS                       267       279       311.       361.       (.21       1.76       520       560  561  15  625       £31  61.9  678  71".  71,6  773       789       7S2 

30                         88       126       215       315       1.17       509       58  3       635  655  30  1./1.       •^t■^  =;25  606  681.  71.6  786       eOU       8  08 

«l5                           5         60       163      285       1.IO       521.       617       680  701.  1,5  2qi       309  1,21  5;,?  61,9  721  752       773       771. 

60                            1          1.1       135       259       390       512      610       679  705  60  163       219  355  1.91  599  569  70  0       700       696 

75                            0          31       111.       229       355       1.71.      571       633  658  75  122       176  302  1.30  529  588  6O1.       586       571 

90                            0          21.         92       191.       307       1.II       1.93       51.8  566  90  98       mi  250  359  1.1.2  1.82  1.77       1.37       i.l» 


LATITUDE  60    DEGREES  NORTH,    APR.     16  LATITUDE  6n    DEGREES  NOPTH,    JUN.     22 

ASPECT  ASPECT 

SLOPE  N         NNE  NE       ENE          E  ESE  SE  SSE  S  SLOP^  N  NNE  NE  ENE          E  ESE  SE  SSE  S 

(DEGREES)  NNH  NM       HNW          M  WSH  SH  SSW  (DEGREES)  NNW  NM  HNH          W  HSH  SH  SSH 

0  521.        521.  521.       521.       521,  521,  531,  521*  521.  0  802  802  802  802       802  802  802  802  802 

15  373       383  i(li.       1.62       515  561.  60i»  631  638  15  716  721  733  753       781  806  825  835  837 

30  197       219  305       1.07       50i»  592  657  697  711  30  582  591  615  677       71.3  793  818  830  832 

1|5  1.6       116  238       367       1.91  597  676  723  738  1(5  1.O8  i«21  1.93  609      701  757  779  779  776 

60  Zb         61.  202       335       1.61.  573  651.  701  711.  60  21.8  295  i«18  548       61.2  693  70  3  688  681 

75  19         67  172      295       1.20  525  598  633  61.2  75  193  238  358  1.79       56i»  602  B9  3  560  51.1 

90  13         55  11.1       252       361  i»ii8  60  3  528  525  90  156  195  297  1,00       1.67  1.85  1.5  5  1,01  380 


LATITUDE    60    DEGREES    NORTH,     MAY    1 

ASPECT 
SLOPE  N         NNE  NE       ENE  F  ESE         SE       SSE         S 

(DEGREES)  NNH  NH       HNH  M  HSH  SH       SSH 


625       625       625       526       625       625      625       625       625 


1.01       1,99      521.       561.       611       651.       689       709       717 


323       31.0       1.01.       1.99       692       667       723       7Ei.       762 


131.       188       320       1.51       5P5       659       72  2       751.       761 


•"l.       137       2f7       1.06       527       621       68  1        707       710 


'-i        110       227       357       1.72       558       60  6        517       612 


39  87       1P7       300        399       1.67       1,95       1.89       1.71. 
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Table  9. -Yearly  values  of  direct  solar  radiation  computed  for  selected  slopes 
and  aspects  at  0  degrees  north  latitude 

(Cal .  cm"^  year'l ) 

ANNUAL  POTENTIAL  RADIATION 
LATITUDE  0   OECPEES  NORTH 

ASPECTS  SLOPE  (DEGREE) 

0        15        30        <tS        60  75  90 

N                                       266271        256  53A       229516        187660       135307  83909  143995 

NNE  /  NNK                       266271        256597       230996        192003       1(40473  95031  53373 

NE   /   NN                           266271        257979       234879       201M47       161632  118098  82560 

ENE   /  HNM                       266271        258801        258959       210727       17683'4  MtOitkO  10it57'i 

E    /  N                               266271        260019       2i|1296       215236        183612  lit8798  n3(+25 

ESE  /  HSU                      266271        259361        240078       212076        178282  141855  105791 

SE   /  SM                           266271        261862       237051        204145       164560  123132  84929 

SSE  /  SSH                        266271        258176       235925       195919       148568  99177  57749 

S                                          266271        258012       ?32740       192201        14O671  88911  47252 


Table  10    -Yearly  values  of  direct  solar  radiation  computed  for  selected  slopes 
and  aspects  at  10  degrees  north   latitude 

(Cal.   cm"      year"   ) 

ANNUAL     POTENTIAL    RADIATION 
LATITUDE    10    CEC-RCES   NORTH 

ASPECTS  SLOPE    (DEGREE) 

0                   15                  30                   <t5                   60  75  90 

N                                                  261965          2<.216i.         2062"t5          157690          1051<>6  63357  30009 

NNE    /    NNH                           261965         2'.32i«9         209'.19         16i4709         115810  72519  i»0205 

NE    /    NW                                261965         21.6112        21738't         ieo3'.5         li|0062  101891  69<t83 

^N"^         WNN                           261965         250271.         2271.66         197719         16'.061  129373  96166 

E    /    H                                       261965          251.935         237031          211500          180610  li»661l»  111891. 

f.Sf    /    NSW                            261965          258961.         21.3388          218066         185958  11.97ii2  11ZI|61 

SE    .     SW                                261965         261728         21.6536         219193         182699  1I.105I.  99587 

SSF    /    S'^H                                261965          263223         21.8257          21791.9          175631.  126719  79536 

S                                                     261965          251.061         21.8269          216702         171396  117981.  72667 
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Table  11. --Yearly   values  of  direct  solar  radiation  computed  for  selected  slopes 
and  aspects  at  20  degrees  north  latitude 

(Cal .   cm"'    year"' ) 

ANK'uat     POTFNTIfL    RflCIATICN 
LATITUOF    20    OEGReES    NORTH 

ASPECTS  SLOPf     (OFGREE) 

0                    15                    30                    <.e                    60  75  90 

N                                                  2it9"?69         ?19652         176631          122«19            77^11,  1.1185  l<.88n 

N^c     /    NNK                             ^^9369          22it<l!         18050'i          132i)'^D             86881  51202  27913 

^E    /    Nh                                  2'»9369         2?6i(73         192752         153':07          115866  82833  56588 

FNC          NNM                            21(9369          233768         206961          179137          11.7375  116007  86i('.l 

E    /    H                                       21.9369         21.1992         225052          201375         172872  11.1269  108516 

ESF    /    KSW                            2i«9369         2i.°935         238871          217760          188672  15^68I|  117831. 

?E    /    SH                                  21*9369          25621.3         21.8389          228023          196278  157036  111.599 

S?E     /    '^SW                               21.9369         260i«92         255199          233695          198527  153206  103707 

S                                                     2it9360          262107         256993          231.908          197870  11.8988  96923 


Table  12. --Yearly  values  of  direct  solar  radiation  computed  for  selected  slopes 
and  aspects  at  30  degrees  north  latitude 

(Cal .  cm"^  year"') 

ANNUAL  POTENTIAL  RADIATION 
LATITUDE  30  DEGREES  NORTH 

ASPECTS  SLOPE  (DEGREE) 

0        15        30        1(5        60  76  9  0 

N                   228993    191181    11.1938     93370     51.585  21.533  9291 

NNE  /  NNW            228998    193787    ll»8*26    101812     63939  36375  2161.7 

NE  /  NW              228996    200830    161.701    1271.71.     91.71.1  6868D  1.81.53 

ENE  /  HNM            228998    211217    186275    158918    131503  101.651*  79751 

£  /  W                228998    222803    208<t87    18863&    16I|169  136621  107166 

ESE  /  HSH            228998    233657    228065    212869    188666  158766  121.259 

SE  /  Sh             228998    21.3088    21.3293    230963    205901  171372  130713 

SSE  /  SSW            226998    21.9277    253512    21.1791.    215267  176287  129121. 

3                      228998    2511.10    257090    2I»523E    217802  1761.10  125613 
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Table  13. -Yearly  values  of  direct  solar  radiation  computed  for  selected  slopes 

and  aspects  at  40  degrees  north  latitude 

(Cal .   cm"2    year"' ) 

ANNUAL     POTENTIAL    RADIATION 
LATITUDE    <»0    DEGREES    NORTH 

ASPECTS  SLOPt     (PEGREE) 

0                     15  30                    itS                    60  75  90 

N                                                  20191.7          158569  109293            68691             35676  11.296  8075 

NNE    /    NNH                            20191.7          161733  11571.3            76361.             1.5321  271.91  18235 

NE    /    NH                                  20191.7          170272  131.282         101682            76253  5721.1  1.2266 

ENE         HNH                          20191.7         182693  159363         136210         111.381  93292  7271.7 

E    /    M                                       20191.7          19671.3  185602          170586          161501  128591.  1031.1.6 

ESF    /    HSH                            20191.7          2101.20  209707          200575          18251.0  157822  126960 

SF    /    SH                                  20191.7          221738  229278          221.1.69          206725  178720  11.21.1.9 

SSE    /    SSN                               20191.7          229203  21.1788          239559         221816  190753  11.9109 

S                                                     20191.7          231739  21.6356          21.1.610          226325  191.083  11.971.6 


Table  14 -Yearly  values  of  direct  solar  radiation  computed  for  selected  slopes 
and  aspects  at  50  degrees  north  latitude 

(Cal .  cm"2  year"' ) 

ANNUAL  POTENTIAL  RADIATION 
LATITUDE  50  DEGREES  NORTH 

ASPECTS  SLOPE  (DEGREE) 

0        15        30        1.5        60  75  90 

N                     169828    121(666     82782     1.8011     2221.0  12272  81.10 

NNE  /  NNH            169828    128106     88193     55562     33169  23182  17061 

NE  /  NH              169823    137288    101.883     79523     62012  ".9125  38297 

ENE  /  HNH           159328    150590    130706    113523     97962  8271.8  66776 

£  /  H                169823    165901.    158681    11.9080    135898  118559  98199 

ESE  /  HSH           169828    180801    181.91.2    181678    17C1.78  151768  12601.3 

SE  /  SH             169828    193182    2061.76    208569    198275  178068  m7613 

SSE  /  SSW            169828    201357    2201.88    22E999    216670  19i.i(0i.  16011.5 

S                      169828    201.293    225158    231811    222792  199215  163289 
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Table  15.  -Yearly  values  of  direct  solar  radiation  computed  for  selected  slopes 
and  aspects  at  60  degrees  north  latitude 

(Cal.   cm"2    year"') 

ANNUOL     POTENTIBL     caoiATICN 
L*TITUCE    60    OEC-R-fS    NORTH 

RSFSCTS  SLOPi^     (T'^GREE) 

0                    15                    30                    h"!                    60  75  90 

N                                                 IS-^I".!            9(^913            f.l9?i(            3'<0ni            ig-^SS  i.k»2it  11711 

HUE         NNW                            135941            9°'<80            66930            1.1J92            29336  23506  18920 

N£    /    NW                                 13'^9'.1          107188            8139S            6'tO'-i.            5381.2  ".5751  37822 

ENE    /    HNH                            135°'«1          119111         10'.i4i»0            ?i,07o            85025  71(867  52965 

E    /    H                                      1359I.1         133288         130203          12'il25         11870'.  107026  91117? 

ESE    /    HSW                            1359'tl          11.7272         151.677          lDei.17          l-JlOSe  138302  118357 

SF    -•    SW                                 13591.1          158862         17  1.569          18111.9         177270  163716  m0167 

S3E    /    $':w                               13591*1          1661.63         ie7i'0it          19fPi'l          191.026  176905  15261(3 

S                                                    13591.1          169028         191739         2020P6          199718  18371.2  1561.59 
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Figure  2. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
0  degrees  north  latitude  on  December  22.     For  westerly  exposures,  the  time  is  read 
from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from 
bottom  to  top  (right  time  axis) 32 

Figure  3. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 

0  degrees  north  latitude  on  February  23  and  October  20.     For  westerly  exposures,  the 

time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 

read  from  bottom  to  top  (right  time  axis) 33 

Figure  4. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
0  degrees  north  latitude  on  March  21  and  September  23.     For  westerly  ex^Dosures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exjDosures,  the  time  is 
read  from  bottom  to  top  (right  time  axis) 34 

Figure  5.  — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 

0  degrees  north  latitude  on  April  16  and  August  28.     For  westerly  exposures,  the  time 

is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read 

from  bottom  to  top  (right  time  axis) 35 

Figure  6. — Isograms  of  hourlj'  values  of  direct  solar  radiation  for  various  slopes  at 
0  degrees  noi'th  latitude  on  June  22.     For  westerly  exposures,  the  time  is  read  from 
top  to  bottom  (left  time  axis);  for  easterly  exposui-es,  the  time  is  read  from  bottom 
to  top  (right  time  axis) 36 

Figure  7. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
10  degrees  north  latitude  on  December  22.     For  westerly  exposures,  the  time  is  read 
from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from 
bottom  to  top  (right  time  axis) 37 

Figure  8. — Isogx'ams  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
10  degrees  north  latitude  on  February  23  and  October  20.     For  westerly  exposures, 
the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time 
is  read  from  bottom  to  top  (right  time  axis) 38 

Figure  9. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
10  degrees  north  latitude  on  March  21  and  September  23.     For  westerly  exposures, 
the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time 
is  read  from  bottom  to  top  (right  time  axis) 39 

Figure  10. — Isograms  of  hourly    values  of  direct  solar  radiation  for  various  slopes  at 
10  degrees  north  latitude  on  April  16  and  August  28.     For  westerly  exposures,  the  time 
is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read 
from  bottom  to  top  (right  time  axis) 40 

Figure  11. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
10  degrees  north  latitude  on  June  22.     For  westerly  exposures,  the  time  is  read  from 
top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from  bottom 
to  top  (right  time  axis) 41 

Figure  12. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
20  degrees  north  latitude  on  December  22.     For  westerly  exposures,  the  time  is  read 
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Figure  18. --Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
30  degrees  north  latitude  on  February  23  and  October  20.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis) 48 

Figure  19. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 

30  degrees  north  latitude  on  March  21  and  September  23.     For  westerly  exposures,  the 

time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 

read  from  bottom  to  top  (right  time  axis)     49 

Figui-e  20. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
30  degrees  north  latitude  on  April  16  and  August  28.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis)     50 

Figure  21. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
30  degrees  north  latitude  on  June  22.     For  westerly  exposures,  the  time  is  read  from 
top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from  bottom  to 
top  (right  time  axis)     51 

Figure  22. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
40  degrees  north  latitude  on  December  22.     For  westerly  exposures,  the  time  is  read 
from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from 
bottom  to  top  (right  time  axis) 52 

Figure  23. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
40  degrees  north  latitude  on  Febiniary  23  and  October  20.     For  westerly  exposures, 
the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time 
is  read  from  bottom  to  top  (right  time  axis) 53 

Figure  24. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
40  degrees  north  latitude  on  March  21  and  September  23.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis)     54 
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Figure  25. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
40  degrees  north  latitude  on  April  16  and  August  28.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis) 55 

Figure  26. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
40  degrees  north  latitude  on  June  22.     For  westerly  exposures,  the  time  is  read  from 
top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from  bottom 
to  top  (right  time  axis) 56 

Figure  27. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
50  degrees  north  latitude  on  December  22.     For  westerly  exposures,  the  time  is 
read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read 
from  bottom  to  top  (right  time  axis) 57 

Figure  28. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
50  degrees  north  latitude  on  February  23  and  October  20.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis) 58 

Figure  29. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
50  degrees  north  latitude  on  March  21  and  September  23.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis) 59 

Figure  30. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
50  degrees  north  latitude  on  April  16  and  Aug^ust  28.     For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis) 60 

Figure  31. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
50  degrees  north  latitude  on  June  22.     For  westerly  exposures,  the  time  is  read  from 
top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from  bottom 
to  top  (right  time  axis) 61 

Figure  32. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
60  degrees  north  latitude  on  December  22.     For  westerly  exposures,  the  time  is 
read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read 
from  bottom  to  top  (right  time  axis) 62 

Figure  33.  — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 

60  degrees  north  latitude  on  February  23  and  October  20.     For  westerly  exposures,  the 

time  is  read  from  top  to  bottom  (left  time  axis;  for  easterly  exposures,  the  time  is  read 

from  bottom  to  top  (right  time  axis) 63 

Figure  34. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
60  degrees  north  latitude  on  March  21  and  September  23.     For  westerly  exposures, 
the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time 
is  read  from  bottom  to  top  (right  time  axis) 64 

Figure  35. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
60  degrees  north  latitude  on  April  16  and  August  28.    For  westerly  exposures,  the 
time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is 
read  from  bottom  to  top  (right  time  axis)       65 

Figure  36. — Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at 
60  degrees  north  latitude  on  June  22.     For  westerly  exposures,  the  time  is  read  fi'om 
top  to  bottom  (left  time  axis);  for  easterly  exposures,  the  time  is  read  from  bottom 
to  top  (right  time  axis) 66 
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Figure  37. —  Isograms  of  dally  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
north  90-,  and  east  30-degree  slopes  at  0  degrees  north  latitude 

Figure  38.- 
south  30- 


Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90-, 
south  60-,  and  south  90-degree  slopes  at  0  degrees  north  latitude  ... 


Isograms  of  daily  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
and  east  30-degree  slopes  at  10  degrees  north  latitude 

Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90-, 
south  60-,  and  south  90-degree  slopes  at  10  degrees  north  latitude 

Isograms  of  daily  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
and  east  30-degree  slopes  at  20  degrees  north  latitude 

Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90-, 
south  60-,  and  south  90-degree  slopes  at  20  degrees  north  latitude 


Isograms  of  daily  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
and  east  30-degree  slopes  at  30  degrees  north  latitude 

Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90- 
south  60-,  and  south  90-degree  slopes  at  30  degrees  north  latitude 


Isograms  of  daily  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
and  east  30-degree  slopes  at  40  degrees  north  latitude 

Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90-, 
south  60-,  and  south  90-degree  slopes  at  40  degrees  north  latitude 

Isograms  of  daily  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
and  east  30-degree  slopes  at  50  degrees  north  latitude 


Figure  48. — Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90-, 

south  30-,  south  60-,  and  south  90-degree  slopes  at  50  degrees  north  latitude 

Figure  49. — Isograms  of  daily  values  of  direct  solar  radiation  on  level,  north  30-,  north  60-, 
north  90-,  and  east  30-degree  slopes  at  60  degrees  north  latitude 

Figure  50.— 
south  30- 


Isograms  of  daily  values  of  direct  solar  radiation  on  east  60-,  east  90- 
south  60-,  and  south  90-degree  slopes  at  60  degrees  north  latitude    . 


Figure  51. — Solar  altitude  and  azimuth  for  selected  days  of  the  year  at  0  degrees  north 
latitude 

Figure  52. — Solar  altitude  and  azimuth  for  selected  days  of  the  year  at  10  degrees 
north  latitude 

Figure  53. — Solar  altitude  and  azimuth  for  selected  days  of  the  year  at  20  degrees 
north  latitude 

Figure  54. — Solar  altitude  and  azimuth  for  selected  days  of  the  year  at  30  degrees 
north  latitude 

Figure  55. — Solar  altitude  and  azimuth  for  selected  days  of  the  j^ear  at  40  degrees 
north  latitude 

Figure  56. — Solar  altitude  and  azimuth  for  selected  days  of  the  year  at  50  degrees 
north  latitude 

Figure  57. — Solar  altitude  and  azimuth  for  selected  days  of  the  year  at  60  degrees 
north  latitude 
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Figure  1. -Illustration  of  the  angles  necessary  for  the  theoretical  calculations  of  solar  radiation  on  a  particular 
surface  in  the  Northern  Hemisphere. 
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SLOPE   (DEGREES! 

Figure  2.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  0  degrees  north  latitude  on 
December  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE  (DEGREES) 


Figure  3.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  0  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposure^,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  4.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  0  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  5.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  0  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  thfe  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE  (DEGREES) 

Figure  6.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  0  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 

36 


^ 

^ 

^^. 

^^r^^^^ 

C;\!;\\;;;ni^~^^^>-~>^^ 

^^^^^^ 

\^-C^^\;^4V\\\^\^^ 

^^ 

"\r^^F°\\~$$\^ 

^^  "'^^S^S^'^^ 

^:::^ 

•  88    ^"\5~$^ 

—  0 

s^^Ssa^ 

W/E 

1 

■ 

i:rz::r~~^ 

■ 

— — — ~_        ~^-^ 

— 

~~ — ■—.       "~~-^ 

— -~-     ^^'^'^f^  1 

1 

~~^^^  ^^^ 

•105  N       \ 

■-^.^        ~-— — ^__ 

^ — 

—  u 

SSW/SSE 

30  60 

SLOPE   (DEGREES) 


90 


30 


60 


Figure  7.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  10  degrees  north  latitude  on 
December  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  8.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  10  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE  (DEGREES) 

Figure  9.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  10  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE   (DEGREES) 

Figure  lO.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  10  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE  (DEGREES) 

Figure  11.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  10  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  12.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  20  degrees  north  latitude  on 
December  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE   (DEGREES) 

Figure  13.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  20  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  14.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  20  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  15.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  20  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  16.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  20  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  17.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  30  degrees  north  latitude  on 
December  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  18.  -Isograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  30  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  19.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  30  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE   (DEGREES) 

Figure  20.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  30  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  21.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  30  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  22.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  40  degrees  north  latitude  on 
December  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  23.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  40  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  24.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  40  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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SLOPE   (DEGREES) 

Figure  25.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  40  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  26.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  40  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  27.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  50  degrees  north  latitude  on 
December  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  28.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  50  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  29.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  50  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  30.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  50  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  31.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  50  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  32.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  60  degrees  north  latitude  on 
Uecember  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly 
exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  33.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  60  degrees  north  latitude  on 
February  23  and  October  20.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  34.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  60  degrees  north  latitude  on 
March  21  and  September  23.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis); 
for  easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  35.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  60  degrees  north  latitude  on 
April  16  and  August  28.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for 
easterly  exposures,  the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  36.-lsograms  of  hourly  values  of  direct  solar  radiation  for  various  slopes  at  60  degrees  north  latitude  on 
June  22.  For  westerly  exposures,  the  time  is  read  from  top  to  bottom  (left  time  axis);  for  easterly  exposures, 
the  time  is  read  from  bottom  to  top  (right  time  axis). 
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Figure  37.-lsogranis  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
0  degrees  north  latitude. 
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Figure  38.-lsograms  of  daily  values  of  direct 
solar  radiation  on  east  6G-,  east  90-,  south 
30-,  south  60-,  and  south  90-degree  slopes 
at  0  degrees  north  latitude. 
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Figure  39.-lsograms  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
10  degrees  north  latitude. 
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Figure  40.-lsograms  of  daily  values  of  direct 
solar  radiation  on  east  60-,  east  90-,  south 
30-,  south  60-,  and  south  90-degree  slopes 
at  10  degrees  north  latitude. 
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Figure  41  .-Isograms  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
20  degrees  north  latitude. 
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Figure  42. -Isograms  of  daily  values  of  direct 
solar  radiation  on  east  60-,  east  90-,  south 
30-,  south  60-,  and  south  90-degree  slopes 
at  20  degrees  north  latitude. 
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Figure  43.-lsograms  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
30  degrees  north  latitude. 
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Figure  44.-lsograiTis  of  daily  values  of  direct 
solar  radiation  on  east  60-,  east  90-,  south 
30-,  south  60-,  and  south  90-degree  slopes 
at  30  degrees  north  latitude. 
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Figure  45. -Isograms  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
40  degrees  north  latitude. 
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Figure  46. -Isograms  of  daily  values  of  direct 
solar  radiation  on  east  60-,  east  90-,  south 
30-,  south  60-,  and  south  90-degree  slopes 
at  40  degrees  north  latitude. 
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Figure  47. -Isograms  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
50  degrees  north  latitude. 
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Figure  48. -Isograms  of  daily  values  of  direct 
solar  radiation  on  east  60-,  east  90-,  south 
30-,  south  60  ,  and  south  90  degree  slopes 
at  50  degrees  north  latitude. 
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Figure  49.-lsograms  of  daily  values  of  direct 
solar  radiation  on  level,  north  30-,  north 
60-,  north  90-,  and  east  30-degree  slopes  at 
60  degrees  north  latitude. 
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Figure  50.-lsograms  of  daily  values  of  direct 
solar  radiation  on  east  60-,  east  90-,  south 
30-,  south  60-,  and  south  90-degree  slopes 
at  60  degrees  north  latitude. 
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Figure  51. -Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  0  degrees  north  latitude. 
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Figure  52. -Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  10  degrees  north  latitude. 
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Figure  53. -Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  20  degrees  north  latitude. 
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Figure  54.-Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  30  degrees  north  latitude. 
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Figure  55.-Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  40  degrees  north  latitude. 
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Figure  56.-Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  50  degrees  north  latitude. 
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Figure  57.-Solar  altitude  and  azimuth  for  selected  days  of  the 
year  at  60  degrees  north  latitude. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  prirrciple  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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1972 


/ 


i!^\- 


V 


W  -' 


'»'■]/( 


t 


-v^l 


*<('' 


If 


^^ 


e  wild  huckleberries 

of  Oregon  and  Washington- 

A  DWINDLING  RESOURCE 


Don  Minore 


Pacific  Northwest  Forest  and  Range  Experiment  Station 
U.  S.  Department  of  Agriculture  Forest  Service 

Portland,  Oregon 
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ABSTRACT 

An  estimated  160,000  acres  support  huckleberries  in  Oregon  and 
Washington,    but  this  area  is  dwindling  as  trees  and  shrubs  invade  the 
berry  fields.      Effective  vegetation-control  methods  and  huckleberry 
management  techniques  have  not  been  developed.      However,    such 
techniques  are  available  for  the  closely  related  eastern  blueberries, 
and  it  may  be  possible  to  modify  these  methods  for  northwestern 
conditions.     Descriptions  and  an  identification  key  of  the  12  northwestern 
Vaacintum  species  are  given,  as  well  as  a  literature  review. 

Keywords:      Huckleberries,   Vacainium  sp. ,  bilberry,  blueberry, 
whortleberry,  forest  management,  forest  burning, 
soils,  herbicides,  pruning. 


The  iUustrations  presented  in  figures   1  to   12  were  drawn  by 
Jeanne  R.  Janish.     They  were  originaHy  published  in  Vasaular  Plants 
of  the  Paeifia  Northwest^  Part  4,  by  C.   Leo  Hitchcock,    Arthur 
Cronquist,   Marion  Ownbey,    and  J.   W.   Thompson.      University  of 
Washington  Press,  Seattle,   1959.    Used  by  permission. 


IMPORTANCE 

Wild  huckleberry  fields  occupy  an 
estimated  160,  000  acres  in  Oregon  and 
Washington. -i^    One  of  these  fields  (the 
2,500-acre  Twin  Buttes  field  near  Trout 
Lake,  Washington)  produced  an  estimated 
berry  harvest  of  280,000  gallons  in  1969-- 
112  gallons  per  acre.    With  these  berries 
valued  at  $3  per  gallon,  the  economic  yield 
was  over  $300  per  acre  for  that  single  year. 
In  addition,   recreational  benefits  also  were 
enjoyed  by  the  berrypickers,  who  spent 
163,000  visitor  days  on  the  Twin  Buttes 
huckleberry  field  during  the  1969  season 
(see  footnote  I). 

The  Twin  Buttes  huckleberry  field 
probably  is  more  productive  than  most  of 
the  160,000  acres  of  wild  huckleberry  land 
in  Oregon  and  Washington,  and  the  1969 
season  was  unusually  favorable,  with  excel- 
lent berrypicking  and  camping  weather 
throughout  August  and  September.     Many 
other  areas  are  not  picked  as  heavily.     How- 
ever,  several  hundred  tons  of  wild  huckle- 
berries are  picked  every  year  in  the  Puget 
Sound  area,  and  an  estimated  $1  million 
worth  of  evergreen  huckleberry  brush  is 
harvested  annually  in  western  Washington 
(Breakey  1960).     Northwestern  huckle- 
berries are  an  extremely  valuable  resource. 

Even  half  of  the  1969  huckleberry 
yield  at  Twin  Buttes  would  equal  or  exceed 
the  value  of  timber  produced  annually  on 
most  high-site  forest  land,   and  the  Twin 
Buttes  huckleberries  grow  on  a  poor  site. 
In  fact,  most  huckleberry  fields  occupy 
sites  that  are  only  marginal  for  timber 
production.     The  most  productive  fields 
seem  to  occupy  the  poorest  timber- growing 
lands.  ^/ 


'  Gerhart  H.  Nelson.  Huckleberry  management.  4  p. 
May  14,  1970.  (Unpublished,  on  file  at  USDA  Forest 
Service,  Region  6,  Portland,  Oreg.) 

=  George  A.  Bright.  Huckleberry  release  from  repro- 
duction. 3  p.  September  24,  1937.  (Unpublished,  on  file 
at  Mount  Adams  Ranger  District,  Trout  Lake,  Wash.) 


This  publication  is  the  first  step  in 
a  research  program  aimed  at  developing 
management  techniques  that  can  be  used 
to  conserve  and  develop  the  huckleberry 
resource.     It  summarizes  available  infor- 
mation on  native  northwestern  Vacainium 
species  and  their  management.     Manage- 
ment techniques  for  eastern   Vacainium 
species  also  are  summarized. 

NATIVE  SPECIES 

Northwestern  huckleberries  would 
be  called  "blueberries"  in  eastern  North 
America,  where  the  term  "huckleberry" 
refers  to  plants  in  the  genus  Gaylussacia  . 
Kelsey  and  Dayton  (1942)  list  "blueberry," 
"bilberry,  "  and  "whortleberry"  as  common 
names  for  the  northwestern   Vacainium 
species.     Whatever  one  chooses  to  call 
them,   12  blueberrylike   Vacainium   species 
grow  in  Oregon  and  Washington.     Three 
of  these  (  V.    oaaidentale,    V .    uliginosumy 
and  V.    Ovatum)  produce  berries  in  clusters, 
like  the  eastern  blueberries.     The  clus- 
tered-berry  habit  is  significant,    for  clus- 
ter-fruited species  can  produce  10  to  20 
times  more  than  single-fruited  species  of 
similar  size  and  vigor    (Darrow  1960). 

Unfortunately,     V.    ocaidentale 
(western  huckleberry)  and  V.    uliginosum 
(bog  blueberry)  are  low  shrubs  that  bear 
small  clusters  of  two  to  three  berries  of 
poor  qt.iality.     Western  huckleberry  (fig.  1) 
occurs  in  mountain  swamps,  mostly  on  the 
eastern  slopes  of  the  Cascade  Mountains 
(Abrams  1951).     Bog  blueberry  (fig.  2) 
also  grows  in  swamps,  but  along  the  coast 
(Hitchcock  et  al.   1959).     Neither  are  im- 
portant berry  producers. 

V.    ovatum    (evergreen  huckleberry, 
fig.   3)  is  a  tall  shrub  with  glossy  ever- 
green leaves.     It  grows  along  the  coast 
from  British  Columbia  to  California,  pro- 
ducing large  clusters  of  rather  strong- 
flavored  berries  that  are  less  desirable 


Figure  1. --Western  huckleberry 

(Vaccmium  occidentale). 


Figure  2. -Bog  blueberry 

(Vaccmium  uligmosum). 


than  other  huckleberries  for  fresh  use. 
The  leafy  branches  are  used  by  florists  as 
fillers  and  background  foliage. 

Most  northwestern  huckleberries 
produce  berries  singly  rather  than  in  clus- 
ters.    In  three  of  the  nine  single-fruited 
species  (l^.   parvi folium,    V.    soopariim, 
and     V.   myrtilZus),  these  berries  are 
red.      V.   pavvi folium  (red  huckleberry, 
fig.  4)  is  common  where  moist  shady 
habitats  occur  in  lowlands  and  mountain 
valleys  from  central  California  to  Alaska. 
Always  found  west  of  the  Cascade  Moun- 
tains in  Oregon  and  Washington,   it  be- 
comes a  large  erect  shrub  after  spending 
4  to  5  years  as  a  trailing,  vinelike  juvenile 
plant  (Camp  1942),     The  red  berries  are 
palatable,  but  rather  sour  and  not  commer- 
cially important. 

V.    scoparium     (grouseberry,  fig.   5) 
bears  red  berries  that  are  sweeter  than 
those  of  the  red  huckleberry.     Birds  and 
animals  harvest  most  of  the  berry  crop, 
however,  for    V.    saopariwv    is  a  low- 
matted  species  that  grows  at  high  altitudes 
in  the  Cascade,  Olympic,   Siskiyou,   Blue, 
and  Wallowa  Mountains.        V.   myrtillus     ■ 
(dwarf  bilberry,  fig.   6)  resembles  the 
grouseberry  but  is  slightly  larger  (Camp 
1942).     It  grows  on  the  eastern  slopes  of 
the  Cascade  Mountains  and  bears  a  dark 
red  to    blue  berry  (Hitchcock    et  al.   1959). 

The  six  remaining  northwestern 
huckleberry  species  all  bear  blue  or 
black  berries  singly,  in  the  axils  of  the 
leaves.  V.    delictoswrn  (Rainier  bil- 

berry, fig.   7)  is  common  at  elevations 
above  4,500  feet  in  the  alpine  meadows 
of  the  Olympic  and  Cascade  Mountains. 
It  is  a  small  plant  with  deep  blue,  sweet 
berries  that  have  a  glaucous  bloom.     Less 
common  than  the  Rainier  bilberry  in  Ore- 
gon and  Washington,  but  similar  in  appear- 
ance,    V.    aaespitosum  (dwarf  huckleberry, 
fig.   8)  grows  in  wet  meadows  and  on  moist 


Figure  3. --Evergreen  huckleberry 

(Vaccmium  ova  turn). 


Figure  4. --Red  huckleberry 

(Vaccmium  parvifolium). 


Figure  5.--Grouseberry 

(Vaccmium  scoparium). 


Figure  6. --Dwarf  bilberry 

(Vaccmium  myrtillus).  ^ 


Figure  7.   -Rainier  bilberry 

(Vaccmium  deliciosum). 


Figure  8. --Dwarf  huckleberry 

(Vaccmium  caespitosum). 


rocky  ridges  throughout  the  Northwest 
(Abrams  1951,   Camp  1942).     The  leaves 
of   V.  caespitosum  are  smooth  or  glandular 
beneath;  those  of   V.    deliaiosum   are 
glaucous  (Hitchcock  et  al.   1959). 

Two  more  dark-berried  huckle- 
berries,   V.    ovali folium  (oval-leaved 
huckleberry,  fig.  9)  and    V.    alaskaense 
(Alaska  huckleberry,  fig.   10)  are  super- 
ficially similar.     They  even  may  hybridize, 
complicating  an  already  difficult  identifi- 
cation problem  (Szczawinski  1962).     Both 
are  moderately  tall  shrubs  bearing  entire 
or  inconspicuously  serrulate  leaves  and 
bluish-black  berries.     The  oval-leaved 
huckleberry  grows  at  middle  altitudes 
throughout  the  Northwest  (Abrams  1951), 
while  Alaska  huckleberry  usually  grows 
in  somewhat  moist  habitats  (Camp  1942) 
along  the  coast  and  in  the  Cascades  from 
northwestern  Oregon  to  Alaska  (Hitchcock 
et  al.   1959).     However,  these  species 
often  grow  together  in  moderately  dry 
habitats  (Brooke  et  al.   1970).     Alaska 
huckleberry  has  been  found  as  far  south 
as  the  McKenzie  River  valley  in  Oregon 
(Franklin  and  Dyrness  1971).     It  has 
larger  leaves  and  is  more  shade  tolerant 
than  oval-leaved  huckleberry  (Camp  1942). 
Berries  of  the  Alaska  huckleberry  are 
juicier  and  more  acidic  than  those  of  the 
oval-leaved  huckleberry  (Hitchcock  et  al. 
1959).     Both  species  are  seedy,  but  the 
berries  of  V.    ovali  folium  have  more 
seeds  than  those  of    v.   alaskaense 
(Falser  1961). 

V.   globulare (blue  huckleberry, 
fig.   11)  is  a  2-  to  4-foot-tall  shrub  that 
grows  at  lower  and  middle  elevations 
east  of  the  Cascade  Mountains  in  both 
Oregon  and  Washington.    Its  leaves  are 
globular  in  shape,  without  long  points  at 
the  apexes  (Hitchcock  et  al.   1959).     Its 
berries  are  bluish-purple. 

The  most  frequently  picked  north- 
western huckleberry,     V.   membranaoeim 


Figure  9. -Oval-leaved  huckleberry 

(Vaccmium  ovalifolium). 


Figure  11. --Blue  huckleberry 

(Vaccmium  glob ul are). 


Figure  10. --Alaska  huckleberry 

(Vaccmium  alaskaense). 


(thin-leaved  huckleberry,  fig.   12),  re- 
sembles blue  huckleberry  but  is  a  coarser 
shrub  with  larger  leaves  that  have  long- 
pointed  apexes  (Camp  1942,  Hitchcock  et  al. 
1959).     Thin-leaved  huckleberry  grows  at 
moderate  to  high  elevations  on  both  eastern 
and  western  slopes  of  the  Olympic  and 
Cascade  Mountains,     It  is  also  found  in  the 
Wallowa  and  Blue  Mountains  of  eastern 
Oregon  and  eastern  Washington  (Hayes 
and  Garrison  1960).     Its  purplish-black 
fruits  are  subacid,   aromatic,   and  deli- 
ciously  flavored  (Abrams  1951).     They 
are  borne  singly  and  are  larger  than  most 
other  wild  huckleberries  in  the  area 
(Darrow  et  al.   1944). 

The  habitat  requirements  of  thin- 
leaved  huckleberry  are  less  critical  than 
those  of  many  other  western  huckleberries 
(Camp  1942).     It  grows  as  an  understory 
shrub  under  unbroken  forest  canopies  but 
is  more  abundant  and  vigorous  under  par- 
tial canopies  and  in  the  open  (Neiland  1958). 
7.   membranaaeum    grows  well  in  dry  areas 
(Darrow  1960).     It  is  abundant  in  burned- 
over  areas  and  produces  large  fruit  crops 
which  are  harvested  extensively.     Thin- 
leaved  huckleberry  also  is  utilized  as 
forage  (Darrow  et  al.   1944).     The  carotene 
and  energy  contents  of  its  leaves  are 
higher  than  those  of  many  browse  plants 
(Hamilton  and  Gilbert  1966),  but  their 
browse  quality  is  rated  fair  to  poor  for 
sheep  and  goats,  poor  for  cattle,  and 
useless  for  horses  (Sampson  and  Jesper- 
sen  1963). 

Characteristics  of  the  12  native 
northwestern     Vaooinium   species  are 
summarized  in  table  1.     A  field  key 
(Appendix)  should  facilitate  species  iden- 
tification. 

MANAGEMENT  PROBLEMS 

Most  huckleberry  fields  originated 
from  the  uncontrolled  wildfires  that  were 


Figure  12. --Thin-leaved   huckleberry 

(Vaccinium  membranaceum). 


common  in  the  Northwest  befox'e  modern 
fire  protection  and  control  techniques 
were  applied.     Ecologically,  these  fields 
are  serai — temporary  stages  in  the  natural 
succession  from  treeless  burn  to  climax 
forest.     Without  fire  or  other  radical 
disturbance,  huckleberries  gradually  are 
crowded  out  by  invading  trees  and  brush. 
A  few  years  after  establishment  they  pro- 
duce a  maximum  amount  of  berries;  then 
production  gradually  declines  as  other 
shrubs  and  trees  dominate  the  site.—' 


^  F.  C.  Hall.  Literature  review  of  huckleberry 
( Vaccinium  membranaceum j  in  the  Cascade  Range  of 
Oregon.  5  p.  1964.  (Unpublished,  on  file  at  USDA 
Forest  Service,  Region  6,  Portland,  Oreg.) 


Table  1    -Characteristics  of  the  native  northwestern  \^acc/n/t//rj  species  J^ 


Species 


Height 


Twig  description 


Leaf 
length 


Leaf  description 


Flower  description 


Berry  description 


V.    membranaceuifi 


V.   globulare 


V.   ovalifoliwT} 


V.   alaskaense 


V.    deZicioswn 


V.    oaespitosum 


V.   nr^rti llus 


V.    scopariujn 


V.   parvifolium 


V.    uliginosum 


V,    occidentale 


-Feet— 
2-6 


.3-1.5 


Yellow-green;  slightly 
angled;  smooth 


Greenish-yel low; 
si ightly  angled; 
smooth 


Yellow-green; 
conspicuously  angled; 
smooth 


Yellow-green;  somewhat 
angled;  smooth  or  with 
very  short  hairs 


Greenish-brown; 
inconspicuously  angled; 
smooth;  dense 


Yellow-green  to  red; 
somewhat  angled;  usually 
hoary  with  tiny  white 
curved  hairs,  but  some- 
times smooth  and  shiny 

Greenish;  strongly 
angled;  with  very  short 
hairs 

Bright  green  or  yellow- 
green;  strongly  angled; 
smooth;  broomy 


Green;  very  prominently   .25-1.25 

angled  (almost  square); 

smooth 

Covered  with  very  short     .75-2 
hairs 


Yellow-green;  round;      .1-1.25 

covered  with  very  short 

hairs 


Yellow-green;  round; 
smooth;  rigid 


Egg-shaped  with  tapering 
or  long-pointed  tip;  very 
small  teeth  along  the 
margi  ns 

Oval  or  egg-shaped,  with 
rounded  or  abruptly  pointed 
tip;  very  small  teeth  along 
the  margins 

Oval  or  oblong;  smooth  or 
very  slightly  toothed 
margins;  waxy  bloom  on  lower 
surface;  veins  prominent 


Egg-shaped  to  elliptical; 
smooth  or  very  slightly 
toothed  margins;  waxy  bloom 
on  lower  surface;  sparse, 
gland-tipped  hairs  on 
midnerve 


Longer  than  broad;  wider 
near  the  tip  than  at  the 
base;  small  teeth  along  the 
upper  margins;  waxy  bloom 
on  lower  surface 


Longer  than  broad;  pale 
yellowish-pink;  single 


Purplish-black;  without 
bloom;  spherical 


As  broad  as  long;  rounded 
at  the  sides  and  more  or 
less  flattened  from  above; 
pale  pinkish-yellow;  single 

Somewhat  longer  than  broad; 
broadest  just  below  mid- 
length;  style  same  length 
or  shorter  than  petal  tube; 
pink;  single 

As  broad  or  broader  than 
long;  broadest  just  above 
base;  style  slightly 
longer  than  petal  tube; 
bronzy-pink;  single 


Dark  purple;  without 
bloom;  spherical 


Bluish-black;  with  bloom; 
spherical ;  borne  on  a 
curved  stem  that  is  not 
enlarged  below  the  berry 


Nearly  spherical;  pink; 
single 


Longer  than  broad;  wider  near  Twice  as  long  as  broad; 
the  tip  than  at  the  base;     white  to  pink;  single 
small  teeth  along  the  upper 
margins;  each  tooth  tipped 
witii  a  bristlelike  hair 


Egg-shaped  or  oval;  sharply- 
toothed  margins;  strongly 
veiny  on  the  lower  surface 

Narrowly  oval  or  lance- 
shaped;  small  teeth  along 
the  margins;  strongly  veiny 
on  the  lower  surface 

Oval  to  elliptical;  smooth 
margins;  thin 


Very  numerous  and  leathery; 
narrowly  egg-shaped,  with 
pointed  tips;  sharply- 
toothed  margins;  shiny  above 

Wider  near  the  rounded  tip 
than  at  the  base;  smooth 
margins;  thick;  lower 
surface  veiny 

Longer  than  broad;  wider 
near  the  tip  than  at  the 
base;  smooth  margins;  waxy 
bloom  often  present  on 
lower  surface 


Length  and  breadth 
approximately  equal ; 
pink;  single 

Length  and  breadth 
approximately  equal ; 
pink;  single 


As  broad  or  broader 
than  long;  waxy; 
yellowish-pink;  single 

Longer  than  broad;  pink; 
borne  in  clusters  of 
3-10 


Longer  tfian  broad;  pink; 
single  or  in  clusters  of 
2-4 


Longer  than  broad;  pink 
or  wfiite;  single  or  in 
clusters  of  2-4 


Bluish-black  with  bloom 
or  purplish-black  without 
bloom;  spherical  to  pear- 
shaped;  borne  on  a 
straight  stem  tliat  is 
somewhat  enlarged  just 
below  the  berry 

Blue-black;  wi  th  bloom; 
spherical 


Light  blue  to  blue-black; 
with  bloom;  spherical 


Dark  red  to  blue-black; 
without  bloom;  spherical 


Bright  red;  spherical 


Bright  red;  spherical 


Shiny  black;  usually 
without  bloom; 
spherical 


Blue  to  black;  with 
bloom;  spherical 


Blue  to  black;  with 
bloom;  spherical 


-'   Compiled  from  the  descriptions  of  Abrams  1951,  Hayes  and  Garrison  1960,  Hitchcock  et  al.  1959,  Peck  1961,  and  Szczawinski  1962. 


Lodgepole  pine,  mountain  ash,  and  bear- 
grass  seem  to  be  the  most  serious  com- 
petitors.    The  acreage  occupied  by  thin- 
leaved  huckleberry  fields  is  declining 
rapidly  as  old  burns  become  reforested 
and  new  burns  become  increasingly  rare. 
Many  formerly  productive  huckleberry 
areas  now  produce  no  berries  at  all. 


Others  are  shrinking  as  trees  and  brush 
invade  along  their  edges.     The  heavily 
used  Twin  Buttes  field  is  an  example. 
This  field  once  encompassed  over  8,000 
acres  of  old  burn.—/    Before  the  days  of 


"Roger  S.  Staniy.  Action  plan  for  controlling  public 
•use  in  the  Sawtooth  huckleberry  fields.  7  p.  March  10, 
1970.  (Unpublished,  on  tile  at  Mount  Adams  Ranger 
District,  Trout  Lake,  Wash.) 


fire  protection,  it  was  perpetuated  by 
periodic  fires  set  by  the  Indians.—      How- 
ever, fires  have  been  kept  out  of  the  area 
for  over  40  years,  and  the  original  area 
has  dwindled  to  2,  500  acres  as  huckle- 
berries have  been  replaced  by  brush  and 
trees.     Local  foresters  estimate  that  the 
Twin  Buttes  field  is  disappearing  at  the 
rate  of  100  acres  per  year.     In  25  years 
it  could  be  gone.     Huckleberry  fields 
throughout  the  Northwest  are  similarly 
deteriorating.     Some  will  disappear  in  less 
than  25  years  if  competing  vegetation  is 
not  controlled. 

New,  transitory  huckleberry  fields 
sometimes  develop  where  clearcutting 
produces  favorable  habitats,  but  berry 
occurrence  and  production  are  erratic. 
Some  clearcuts  produce  good  huckleberry 
crops,  others  do  not.     Moisture  conditions 
in  the  cutover  area  and  species  composi- 
tion of  the   Vaaoinium   stand  may  be  par- 
tially responsible,  but  the  factors  influ- 
encing huckleberry  occurrence  and  produc- 
tivity on  recent  clearcuts  are  largely 
unknown. 


driven  off  the  roads,  sanitation  facilities 
become  inadequate,  and  littering  becomes 
a  major  problem.     Some  pickers  become 
lost  looking  for  more  productive  areas. 
Searching  for  these  lost  pickers  cost 
$3,  500  on  one  Ranger  District  during  a 
recent  3-year  period.—      Simply  providing 
information  to  the  thousands  of  huckle- 
berry pickers  that  descend  upon  National 
Forest,   State,  and  private  forestry  offices 
is  a  major  task. 

Access  roads  can  be  constructed 
and  vehicle  use  regulated.     Sanitation 
facilities  can  be  provided,  trails  built, 
and  the  public  educated.     However,  these 
activities  will  soon  become  futile  if  the 
huckleberry  resource  itself  is  not  pre- 
served.    Natural  succession  should  be 
stopped  or  reversed  where  huckleberry 
production  is  the  most  important  land  use. 
Where  increasing  numbers  of  berry  pickers 
exert  more  and  more  pressure  on  heavily 
used  fields,   it  may  be  desirable  to  in- 
crease berry  production  through  cultural 
practices  (fertilization,  pruning,  or 
mulching,  for  example). 


Huckleberries  frequently  grow  in  the 
partial  shade  of  moderately  open  forest 
stands.     These  bushes  often  are  large  and 
vigorous,  but  they  seldom  produce  many 
berries.     However,  seasons  occasionally 
occur  in  which  shaded  bushes  produce  a 
good  crop.     The  conditions  causing  re- 
peated failures  and  those  responsible  for 
occasional  successes  have  not  been  mea- 
sured or  compared. 

As  our  population  increases,  more 
people  pick  huckleberries  every  year.    As 
the  berry  fields  deteriorate,  there  are 
fewer  berries  to  pick.     In  the  most  popular 
fields,  fragile  soils  erode  as  vehicles  are 


MANAGEMENT  TECHNIQUES 

Access  roads,  sanitary  facilities, 
campsites,  and  information  have  been 
provided  at  several  heavily  used  huckle- 
berry fields.    Assistance  given  to  the 
huckleberry  pickers  is  often  well  orga- 
nized, efficient,   and  beneficial.     However, 
the  huckleberry  fields  themselves  have 
not  received  equivalent  attention  in  Oregon 
and  Washington.     Little  has  been  done 
since  the  Indians  stopped  burning  the 
fields  many  years  ago.     Lack  of  knowledge 
and  limited  financing  are  chiefly  respon- 
sible.   No  one  really  knows  how  to  manage 
northwestern  wild  huckleberries. 


^  Donald  E.  Wermlinger.  Twin  Buttes  huckleberry 
management  plan.  25  p.  January  5,  1968.  (Unpublished, 
on  file  at  Mount  Adams  Ranger  District,  Trout  Lake, 
Wash.) 


■* Wright  T.  Mallory.  Huckleberry  management.  1  p. 
March  11,  1970.  (Unpublished,  on  file  at  USDA  Forest 
Service,  Region  6,  Portland,  Oreg.) 


Although  management  techniques  are 
not  yet  available  for  northwestern  huckle- 
berries, the  wild  blueberries  of  eastern 
North  America  have  been  managed  for 
decades.         Vaoainium    species  and  cli- 
matic conditions  are  quite  different  in  the 
east,  but  some  of  the  techniques  developed 
there  may  be  applicable  in  Oregon  and 
Washington, 

Eastern  Lowbush  Blueberries 

V.   Ang us ti folium,  the  native  low- 
bush  blueberry  of  northeastern  America, 
produces  most  of  the  commercial  crop  in 
eastern  Canada  (Barker  et  al.    1963).     It 
is  a  rhizomatous  plant  with  a  subterranean 
horizontal  stem  that  forms  a  dense  net- 
work in  the  soil  (Hildreth  1929).     The 
berries  are  harvested  from  native  fields, 
where  cultural  practices  are  usually  limited 
to  periodic  burning  and  weed  control 
(Barker  et  al.   1964). 

Lowbush  blueberry  fields  are  burned 
every  2  or  3  years — usually  by  spreading 
straw  or  hay  (1  ton  per  acre)  in  the  fall, 
then  burning  it  in  early  spring.     If  blower- 
tj^pe  oil  burners  or  liquid  propane  gas 
burners  are  used,   spreading  straw  is 
unnecessary  and  burning  can  be  done  in 
the  fall  (Barker  et  al.    1964).     Regardless 
of  the  technique  used,  old  stems  are  de- 
stroyed by  burning.    The  new  growth  comes 
from  buds  on  the  underground  rhizomes. 

Burning  is  the  best  method  of  pruning. 
Chandler  and  Mason  (1943)  recommended 
burning  every  third  year;  in  a  2-year  cycle, 
yields  decreased  and  costs  increased. 
Black  (1963)  found  that  total  berry  produc- 
tion was  greater  when  burning  was  done 
every  second  year.     However,  repetitive 
burning  could  be  detrimental  to  long-term 
production,  for  each  burn  destroys  some 
of  the  upper  soil.     This  destruction  of 
upper  soil  horizons  is  particularly  serious 
where  flamethrower  burning  is  practiced 
(Smith  and  Hilton  1971), 


Periodic  burning  kills  the  old  low- 
bush blueberry  stems  and  stimulates 
sprouting  (Belzile  1943).     Disking  also 
stimulates  sprouting,  but  it  is  too  destruc- 
tive to  be  practical.     Cutting  the  rhizomes 
with  a  turf  hoe  produces  the  same  effect 
without  destroying  the  living  plants.     The 
cut  rhizomes  produce  new  stem  growth 
on  one  side  of  the  cut,  new  root  growth 
on  the  other  side  (Hitz  1949).     Cutting  the 
bushes  off  close  to  the  ground  instead  of 
burning  removes  the  old  stems,  but  new 
growth  then  comes  from  buds  on  the  part 
of  the  plant  above  ground  (Chandler  and 
Mason  1939). 

Although  periodic  burning  increases 
production  in  established  lowbush  blue- 
berry fields,  it  may  not  be  beneficial  in 
creating  new  fields.     Wlien  a  New  Bnms- 
wick  woodlot  bordering  on  an  established 
blueberry  field  was  cleared  of  trees  and 
burned  annually,  the  burned  area  was 
occupied  by  ferns,  rushes,  and  other 
competing  vegetation — but  not  by  blue- 
berries (Hall  1955),     This  increase  in 
competing  vegetation  may  have  resulted 
from  alterations  in  soil  nutrient  and  pH 
relationships.     Burning  usually  reduces 
total  nitrogen  in  the  soil,  but  it  raises 
the  pH  and  increases  the  supply  of  avail- 
able nutrients  near  the  surface  (Austin 
and  Baisinger  1955,  Debell  and  Ralston 
1970,   Isaac  and  Hopkins  1937). 

Burning  also  affects  the  microbio- 
logical populations  of  forest  soils  (Wright 
and  Tarrant  1957).     This  may  affect  plant 
growth  indirectly;  soil  fungi  stimulate 
root  formation  and  enhance  the  growth  of 
Vaoainium  seedlings  (Nieuwdorp  1969). 
These  fungi  may  always  be  associated 
with  Vaoainium   plants  (Rayner  1929),  but 
they  do  not  seem  to  be  species- specific 
(Freisleben  1934). 

Burning  in  established  blueberry 
fields  sometimes  reduces  vegetative  com- 
petition; this  is  true  for  several  eastern 


Vacoinium  species  which  are  more  tolerant 
of  fire  than  their  natural  associates 
(Reiners  1965,   Brayton  and  Woodwell 
1966).     Little  is  known  about  the  fire  toler- 
ance of  northwestern    Vaccinium     species, 
but  V.   delioiosum  seems  to  be  more 
tolerant  than  alpine  fir,  mountain  hemlock, 
heath,  and  cassiope  (Douglas  and  Ballard 
1971).     If  this  holds  for  other  northwestern 
Vaocinium  species,  controlled  burning  may 
be  very  useful  in  eliminating  the  brush  and 
trees  encroaching  upon  huckleberry  fields 
in  Oregon  and  Washington.     Otherwise, 
mechanical  or  chemical  weeding  may  be 
necessary. 

When  chemical  weed  controls  were 
tested  in  native  eastern  blueberry  fields, 
dilute  solutions  of  the  ammonium  salt  of 
2,4-D  killed  some  of  the  competing  vege- 
tation without  injuring  blueberry  plants. 
More  concentrated  2,4-D  solutions  killed 
the  blueberries,  as  did  ammonium  sulfa- 
mate.     Borax,  applied  at  the  rate  of  1  or  2 
pounds  per  hundred  square  feet,  killed  or 
injured  several  weedy  species  without 
injuring  the  berry  bushes  (Smith  et  al. 
1947). 

Climate  and  soils  strongly  influence 
productivity  in  the  blueberry  fields  of 
northeastern  America.     Low  temperatures 
throughout  the  growing  season  severely 
limit  blueberry  production  in  some  areas 
(Hall,    Aalders,  and  Barker  1964).     Soil 
acidity  is  important  throughout  the  region, 
with  eastern  blueberries  growing  best  in 
the  pH  range  of  4  to  5  (Hall,  Aalders,  and 
Townsend  1964).     Growth  is  also  correlated 
with  the  amounts  of  extractable  iron,  mag- 
nesium,  and  aluminum  in  the  soil;  acetate- 
extracted  iron  is  an  excellent  indicator  for 
potential  blueberry  soils  (Bradley  and 
Smittle  1965). 

Wliere  native  eastern  blueberry 
fields  occur  on  poor  soils,  fertilizers  are 
sometimes  applied.     The  blueberries 


respond  to  these  fertilizers,  but  com- 
peting weeds  often  respond  with  even 
greater  vigor  (Barker  et  al.   1964).     Nitro- 
gen usually  is  the  most  critical  nutrient 
element  in  podzol  soils  (Trevett  1962). 
It  should  be  applied  in  the  ammonium  form 
(Townsend  1966).    Additions  of  ammonium 
nitrate  can  increase  yields  by  50  percent. 
Phosphorus  and  potassium,  used  together 
in  the  absence  of  nitrogen,  also  increase 
yields.     However,     complete  nitrogen- 
phosphorus-potassium  fertilizers  seem  to 
stimulate  weed  growth  without  affecting 
berry  production  (Rayment  1965).     Opti- 
mum levels  have  been  established  for 
nitrogen,  phosphorus,  potassium,  calcium, 
and  magnesium  in  lowbush  blueberry 
leaves  (Townsend  and  Hall  1970).    These 
optimum  levels  may  be  useful  in  estimating 
fertility  levels  and  in  prescribing  fertilizer 
treatments. 

Wliere  lowbush  blueberry  fields  are 
intensively  managed,  a  surface  mulch  of 
peat  or  sawdust  may  be  used  to  conserve 
soil  moisture  and  promote  rhizome  growth 
(Render  and  Eggert  1966).     However, 
most  of  the  mulching  is  done  in  cultivated 
fields,  where  highbush  blueberry  (  v, 
oorymbosum  )  and  its  horticultural  varieties 
are  usually  grown.     Highbush  varieties 
are  better  suited  to  commercial  produc- 
tion than  the  lowbush  blueberry,  which 
has  rather  small,   soft  berries  and  is 
inconveniently  close  to  the  ground  (John- 
ston 1951). 

Eastern  Highbush  Blueberries 

Mulching  cultivated  fields  of  high- 
bush blueberries  is  almost  always  bene- 
ficial, but  effects  vary  with  soil  ty()e  and 
mulch  material.     Mulching  increased 
blueberry  growth  on  clay  loam  soils  but 
decreased  growth  on  sandy  soils  in  Maine 
(Chandler  and  Mason  1942).     Sawdust 
seems  to  be  a  better  mulch  than  peat  moss, 
hay,  or  straw  (Griggs  and  Rollins  1947, 
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Shutak  et  al.   1949).     Sawdust  mulch  also 
is  better  than  frequent  cultivation  or  a 
soil-covering  crop  (Shutak  and  Christo- 
pher 1951).     It  does  not  significantly 
affect  moisture  content  or  acidity  of  the 
berries  (Griggs  and  Rollins  1948). 

Soil  acidity  seems  to  be  more  im- 
portant than  soil  texture  for  cultivating 
blueberries  (Johnston  1942a),     Soil  nu- 
trients also  are  important,  but  the  culti- 
vated highbush  blueberry  requires  less 
phosphorus,  potassium,  calcium,  and 
magnesium  than  other  fruits  (Bailey  et  al. 
1949).     Nitrogen  is  the  limiting  nutrient 
in  the  growth  of  most  cultivated  blueberry 
plants  (Kramer  and  Schrader  1942).     When 
nitrogen  in  the  form  of  ammonium  sulfate 
was  applied  to  cultivated  highbush  blue- 
berries in  the  mid- Willamette  Valley, 
yields  of  up  to  10  tons  per  acre  were 
achieved  (Martin  and  Garren  1970). 

Fertilizers  are  best  applied  in  the 
spring,  when  the  plants  are  blooming 
(Doehlert  1941).     Season  of  application 
is  less  important  for  herbicide  applica- 
tion.    Both  spring  and  autumn  applications 
of  chemical  weed  controls  have  been 
successful.     Diuron  and  Simazine,— ^ 
sprayed  between  the  rows  in  cultivated 
fields,  controlled  weeds  without  affecting 
berry  production  or  quality  (Welder  and 
Brogdon  1968). 

Unlike  the  lowbush  blueberry  fields, 
cultivated  highbush  blueberry  fields  are 
not  burned  over.     Instead,  old  dead  wood 
is  removed  by  light  pruning.     Pruned 
bushes  produce  fewer  and  larger  berries 


'This  publication  docs  not  contain  recommendations 
for  use  of  these  pesticides  nor  does  it  imply  that  the  uses 
discussed  here  have  been  registered.  All  uses  of  pesticides 
must  be  registered  by  appropriate  State  and/or  Federal 
agencies  before  they  can  be  recommended. 


(Brightwell  and  Johnston  1944),  although 
removal  of  more  than  a  cjuarter  of  the 
bush  is  too  severe  (Bailey  et  al.   1939). 
No  pruning  data  are  available  for  the 
northwestern  huckleberries,  but  exces- 
sive prvining  may  do  more  harm  than 
good.     Severe  clipping  suppresses  the 
flowering  of  antelope  bitterbrush,  snow- 
brush  ceanothus,  and  creambush  rock- 
spiraea  (Garrison  1953b);  huckleberry 
flowering  also  may  be  suppressed. 

Wlien  side  shoots  are  removed 
from  highbush  blueberries  and  rooted  in 
a  mixture  of  sand  and  peat,  many  new 
bushes  can  be  obtained  from  a  single 
parent  (Johnston  1935).     When  these  side 
shoots  are  of  current-year  origin,  they 
are  sometimes  referred  to  as  "softwood 
cuttings"  (Doran  and  Bailey  1943).     How- 
ever, most  highbush  blueberry  propaga- 
tion involves  the  rooting  of  older  "hard- 
wood cuttings.  "    Four-inch  cuttings  are 
taken  from  1-year-old  shoots,  with  the 
cuts  made  just  above  and  just  below  buds. 
Cuttings  from  the  basal  ends  of  shoots 
that  bear  only  vegetative  buds  survive 
and  grow  better  than  more  distal  cuttings 
or  those  from  flowering  shoots  (O'Rourke 
1942,   1944).     Treating  the  cut  ends  with 
indolebutyric  acid  in  talc  greatly  increases 
rooting  success  (O'Rourke  1943),  and 
adding  ammonium  phosphate  to  the  peat- 
sand  rooting  medium  benefits  subsequent 
shoot  growth  (Schwartze  and  Myhre  1948, 
1949). 

The  productivity  and  yield  of  high- 
bush blueberries  seem  to  follow  fairly 
closely  the  amount  of  growth  and  size  of 
the  plants  (Merrill  1944).     Nevertheless, 
accurate  estimation  and  measurement  of 
berry  yields  and  quality  are  difficult — 
for  both  lowbush  and  highbush  blueberries 
and  for  both  eastern  and  northwestern 
species.     It  is  possible  that  quality  is 
closely  related  to  berry  size.    The 
largest  berries  usually  are  sweeter  and 
seedier  than  smaller  ones  in  the  Jersey 
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variety  of  highbush  blueberry;  berries 
picked  late  in  the  season  tend  to  be  sweeter 
than  those  picked  earlier  (Uhe  1957). 
Diameter-volume  relationships  have  been 
calculated,  and  average  numbers  of  berries 
per  cup  can  be  estimated  at  harvest  time 
by  measuring  only  the  largest  berries 
(Chandler  1941). 

Berry  size  is  inherited  in  highbush 
blueberries,  with  smallness  a  dominant 
genetic  character  (Draper  and  Scott  1969). 
Sweetness,  firmness,  and  ripening  speed 
are  also  genetically  determined  in  culti- 
vated highbush  blueberries  (Johnston  1942b), 
Fifty  years  of  careful  breeding  have  pro- 
duced several  superior  horticultural 
varieties.     Horticultural  development  of 
native  northwestern  huckleberries  is 
unlikely,  but  the  identification  and  propa- 
gation of  superior  wild  clones  may  be 
profitable  in  managed  fields. 

Western  Huckleberries 

Managed  fields  of  wild  huckleberries 
do  not  yet  exist  in  Oregon  and  Washington, 
and  management  knowledge  is  limited. 
However,  the  importance  of  competing 
vegetation  has  been  recognized  for  at 
least  35  years.     Several  control  tech- 
niques have  been  tested.    All  trees  were 
cut  on  5  acres  of  the  Twin  Buttes  huckle- 
berry field  in  1937  (see  footnote  2).     Ten 
years  later,   a  ranger  on  the  Mount  Hood 
National  Forest  purposely  thinned  some 
of  the  trees  invading  the  Larch  Mountain 
huckleberry  field  (Parke  1968).     In  1963 
trees  were  felled  on  72  acres  of  the  Twin 
Buttes  field.     Slash  was  piled  and  burned 
on  part  of  this  area,  but  no  broadcast 
burning  was  attempted.     Six  acres  of  this 
treated  area  were  scarified  in  1964  with 
a  range-land  disk  behind  a  crawler  tractor. 
Trees  were  felled  on  another  120  acres 
of  the  Twin  Buttes  field  in  1965  and  1966 
(see  footnote  5).    None  of  these  operations 
successfully  eliminated  vegetative  compe- 
tition or  halted  ecological  succession. 


An  animal  exclosure  was  constructed 
in  the  Twin  Buttes  huckleberry  field  in 
1934,   and  vegetation  within  the  exclosure 
and  on  an  adjacent  unfenced  plot  was  ob- 
served yearly  until  1942.     Sheep  grazing 
apparently  benefited  the  huckleberries. 
The  sheep  reduced  vegetative  competition 
and  lightly  browsed  the  huckleberry  bushes 
on  the  unfenced  plot.     This  produced 
thriftier,  more  vigorous  huckleberry 
growth.—'     Competing  vegetation  inside 
the  exclosure  soon  began  to  crowd  out  the 
huckleberries.    A  severe  late  frost  in  the 
spring  of  1940  killed  huckleberry  leaves, 
new  shoots,  and  flowers  on  both  plots; 
however,  bushes  protected  by  groves  of 
alpine  trees  suffered  little  damage.     Shade 
from  the  trees  delayed  snowmelt,  and 
the  snow  retarded  early-season  growth 
until  after  the  killing  frost.    Apparently, 
huckleberry  crops  are  greatly  influenced 
by  snowpack  duration.     Shade  may  there- 
fore benefit  berry  production — in  some 
seasons.    Seasonal  fluctuations  in  the 
growth  of  Vacainium  memhranaceum  are 
extreme  (Garrison  1953a). 

Future  huckleberry  management  in 
the  Northwest  would  benefit  from  a  com- 
plete inventory  of  the  huckleberry  resource. 
Procedures  for  such  an  inventory  were 
devised  by  Frederick  C.  Hall  in  1967  and 
tested  on  the  Mount  Adams  District  of  the 
Gifford  Pinchot  National  Forest  in  1968. 
An  excellent  inventory,  map,  and  manage- 
ment plan  for  the  Twin  Buttes  huckleberry 
field  resulted  (see  footnote  5). 

The  inventory  can  be  extended  to 
other  huckleberry  fields  in  the  Northwest. 
Appropriate  modifications  of  the  manage- 
ment techniques  used  in  eastern  North 
America  can  be  tested    in  the  West  and 
necessary  new  techniques  devised.     When 


'K.  C.  Langfield.  Effect  of  grazing  on  huckleberry 
production.  2  p.  December  9,  1942.  (Unpublished,  on 
file  at  Mount  Adams  Ranger  District,  Trout  Lake, 
Wash.) 
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efficient  techniques  become  available,   the  of  berrypickers.     All  this  will  require 

existing  huckleberry  fields  can  be  pre-  considerable  amounts  of  time  and  money, 

served  and  new  ones  established.     Finally,  We  should  begin  at  once.     Our  wild  huckle- 

productivity  can  be  increased  in  heavily  berry  fields  are  dwindling  in  size  and 

used  fields  to  satisfy  increasing  numbers  productivity  with  every  passing  year. 
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APPENDIX 

FIELD  KEY  TO  NATIVE  NORTHWESTERN     VACCINIUM   SPECIES 

1.     Leaves  widest  above  midlength 2 

1.  Leaves  widest  at  midlength  or  below 5 

2.  Leaf  margins  toothless;  flowers  and  berries  sometimes  clustered 3 

2.  Small  teeth  along  upper- leaf  margins;  flowers  and  berries  always  single.   .   .   ,     4 

3.  Twigs  have  very  short  hairs;  leaves  conspicuously  veiny  below  .   .    V.    uliginosim 

3.  Twigs  hairless;  leaves  not  conspicuously  veiny  below V.    occidentale 

4.  Lower  leaf  surfaces  have  waxy  bloom;  marginal  teeth  not 

bristle-tipped;  flowers  nearly  spherical Y .   delioiosum 

4.  Lower  leaf  surfaces  without  waxy  bloom;  marginal  teeth 

tipped  with  bristlelike  hairs;  flowers  twice  as  long 

as  broad V.    aaespitosum 

5.  Leaf  margins  toothed  both  above  and  below  middle  of  leaf 6 

5.  Leaf  margins  toothed  only  above  middle  of  leaf,  only  below 

middle,  or  not  at  all 10 

6.  Shrubs  less  than  18  inches  tall 7 

6.  Shrubs  more  than  18  inches  tall     8 

7.  Broomy;  twigs  hairless;  beri-y  bright  red y.   sooparium 

7.  Not  broomy;  twigs  have  very  short  hairs;  berry  dark  red 

to  blue-black V.   myrtillus 

8.  Leaves  leathery,  dark  green,  and  lustrous  above;  twigs 

covered  with  very  short  hairs;  flowers  and  berries 

borne  in  clusters  of  3-10 v.    ovatum 

8.  Leaves  not  leathery  or  lustrous;  twigs  hairless; 

flowers  and  berries  single 9 

9.  Leaf  tips  tapering  and  long-pointed;  flower  longer 

than  broad y.   membranaceum 

9.     Leaf  tips  rounded  or  abruptly  pointed;  flower  as 

broad  as  long V.   globulare 

10.     Twigs  bright  green,  very  prominently  angled  and 

nearly  square;  berries  bright  red V.   parvifolium 

10.  Twigs  yellow-green,  somewhat  angled  but  not  square; 

berries  bluish-black 11 

11.  Leaf  veins  prominent;  lower  midrib  without  gland-tipped 

hairs;  style  same  length  as  or  shorter  than  petal  tube; 

berry  stem  curved,  not  enlarged  just  below  berry     ......     V.    ovalifolium 

11.     Leaf  veins  not  prominent;  lower  midrib  with  sparse 
gland-tipped  hairs;  style  slightly  longer  than 
petal  tube;  berry  stem  straight,  enlarged  just 
below  berry v.   alaskaense 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provkte  the 
knowledge,  technology,  and  alternatives  for  prttrtt  ami 
future  protection,  manafcment,  and  use  of  forest,  ran^,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Present  net  worth  values  earned  by  investments  in 
precommercial  thinning  of  stagnated  ponderosa  pine  sapling 
stands  are  reported  for  three  stocking  levels.       Thirteen 
timber  management  regimes   are   ranked  by  their  returns 
from  timber  only,   and  22  regimes  are  ranked  according  to 
their  returns  from  timber  and  forage,  with  and  without  the 
allowable  cut  effect. 

Keywords:   Ponderosa  pine,  forestry  business  economics, 
thinning  (trees),   allowable  cut  effect,  forage. 
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INTRODUCTION 

This  paper  reports  the  economic 
returns  that  can  be  earned  by  investing 
in  precommercial  thinning  of  stagnated 
ponderosa  pine  {Pinus  ponderosa)—^ 
sapling  stands.    Returns  from  thinning 
to  three  stocking  levels,  with  and  without 
the  allowable  cut  effect,  —'  and  from  three 
unthinned  control  regimes  are  published 
for  the  information  of  land  managers, 
silviculturists,  and  those  who  are  inter- 
ested in  management  decisions  to  be 
made  on  the  millions  of  acres  of  over- 
stocked ponderosa  pine  stands  in  the 
Pacific  Northwest.     Thirteen  timber 
management  regimes  are  ranked  accord- 
ing to  their  economic  returns  from  timber 
only,  and  22  regimes  are  ranked  when 
both  timber  and  forage  produce  revenue. 

The  major  reason  for  this  study 
is  the  large  acreage  that  may  benefit  from 
the  development  of  economic  management 
guidelines  for  precommercially  thinning 
stagnated  stands  of  ponderosa  pine  saplings. 
According  to  Forest  Survey  records, 
several  million  acres  of  such  stands  in 
Oregon  and  Washington  occur  in  two  forms: 
the  unmerchantable  "doghair"  stands,  made 
up  of  many  very  slow- growing  stems  of 
about  the  same  age  and  size,  and  the  two- 
story  stands,  consisting  of  mature  or 
overmature  overstory  and  a  dense  under- 
story  of  stems  less  than  merchantable 
size.     We  are  concerned  here  with  stands 
less  than  rotation  age  without  a  mature 
overstory. 


The  present  trend  toward    wider 
spacing  of  trees  in  Pacific  Northwest  pine 
management  is  another  reason  for  con- 
ducting this  study.     Barrett  ( ,3 )  has  shown 
that  in  naturally  occurring  low  density 
stands,   140  trees  produced  as  much  vvood 
in  45  years  as  460  trees  produced  on  a 
similar  site.    However,  the  tree  density 
that  is  the  most  compatible  with  other 
uses,  plus  being  economically  feasible, 
is  still  a  subject  for  debate. 

Finally,  we  must  consider  questions 
related  to  joint  returns  from  timber  and 
forage  that  result  from  precommercial 
thinning. 

There  are  two  distinct  types  of 
forest-grazing  land:    pine-grass  and 
pine-shrub.     Pine-grass  areas  are  most 
common  in  central  and  eastern  Washing- 
ton, and  pine- shrub  areas  are  usually 
found  in  eastern  Oregon.    Our  attention 
is  focused  on  management  regimes  com- 
mon to  National  Forests  in  the  pine-grass 
areas. 

Our  objective  is  to  determine  which 
of  several  thinning  schedules  for  stagnated 
ponderosa  pine  sapling  stands  produces 
the  greatest  economic  returns,  and  this 
study  is  a  start  in  the  development  of  these 
guides.    It  is  based  on  data  for  one  site 
(a  high  Site  V)  in  the  pine-grass  area  of 
central  Washington.    The  schedules  differ 
in  stocking,  forage  production,  and  the 
length  (time)  of  management  regime. 
Proper  use  of  this  study  requires  that 
the  assumptions  and  constraints  be  kept 
firmly  in  mind. 


Scientific  names  for  grasses  and  sedges  are  accord- 
ing to  Hitchcock  {8)\  for  forbs  and  shrubs,  Hitchcock  et 
al.  (9);  for  trees,  Little  {10). 

The  allowable  cut  effect  is  defined  here  as  the  im- 
mediate increase  in  today's  allowable  cut  which  is  at- 
tributable to  expected  future  increases  in  timber  yields 
on  regulated  forests.  This  is  the  definition  used  by 
Schweitzer  et  al.  [16). 


Sensitivity  analyses  were  conducted 
for  a  range  of  stumpage  and  forage  prices 
and  a  variety  of  costs.    However,  the 
study  results  which  are  summarized  in 
tables  2  and  3  reflect  generally  conserva- 
tive cost  estimates  and  liberal  prices. 
Both   of   these    tend   to    increase    the 


estimated  return  on  investment.     Even  so, 
many  of  our  alternatives  (when  the  allow- 
able cut  effect  is  not  included)  yield  less 
than  the  guiding  rate  of  return.     You  may 
want  to  compare  your  assumptions  with 
ours  and  speculate  on  the  extent  to  which 
your  management  activities  should  agree 
with  our  study  findings. 

PHYSICAL  DESCRIPTION 

THE  TIMBER  STAND 

A  ponderosa  pine  stand  located  on 
Washington  State  Department  of  Game 
lands  in  the  upper  Methow  River  Valley 
north  of  Winthrop,  Washington,  provided 
timber  and  forage  data  for  the  decade 
follov/ing  a  precommercial  thinning  in 
1957.     This  stand  originated  from  natural 
seeding  about  1911  following  logging  and 
fire.     Surviving  trees  of  the  original  stand, 
unmerchantable  at  the  time  of  logging, 
indicated  an  above  average  Site  V  (13). 

Before  thinning,  the  47-year-old 
stand  contained  over  2,  300  stems  per 
acre  (fig.   1).     Trees  averaged  3  inches  in 


Figure  l.  —  Unthinned  ponderosa  pine  stand  witti 
over  2,300  stems  per  acre. 


diameter  and  17  feet  in  height.    Growth 
was  extremely  slow.    Individual  trees 
added  only  0.  6  inch  per  decade  to  their 
diameter  and  3.  5  feet  to  their  height. 
None  of  the  maladies  common  to  many 
ponderosa  pine  stands  such  as  needle 
blight,  root  rot,  or  mistletoe  were  present. 
An  occasional  tree  died  from  suppression, 
but  generally  the  stand  had  settled  into  a 
state  of  stagnation.     Fortunately,  crowns 
of  dominants  were  full  and  not  dwarfed  in 
relation  to  their  bole  as  they  would  be  in 
stands  with  higher  densities,  so  prospects 
for  increasing  tree  growth  by  thinning  I 

looked  good.     Since  this  stand  is  a  good 
representative  of  the  several  million  acres 
of  overdense  ponderosa  pine  stands  in  the 
Pacific  Northwest,  a  study  was  initiated 
to  test  individual  tree  and  stand  perfor- 
mance under  varied  spacings  {1 ). 

Four  stand  treatments — thinning  to 
250  trees  per  acre  (average  spacings  of 
13.2  feet),   125  trees  per  acre  (average 
spacings  of  18.7  feet),  62  trees  per  acre 
(average  spacings  of  26.4  feet),  and  no 
thinning — were  tested.    Each  treatment 
was  replicated  three  times.     The  wider 
spacings  were  chosen  to  define  a  limit  on 
spacing  so  that  the  capacity  of  an  acre  to 
produce  wood  could  be  concentrated  on  as 
few  trees  as  possible.    After  thinning  to  125 
trees  per  acre  at  age  47  years,  diameter 
and  height  averaged  5  inches  and  25.  7 
feet.    This  would  correspond  to  an  effec- 
tive age^/   of  about  25  years.     Imme- 
diately after  thinning  to  62  trees  per  acre, 
diameter  of  trees  averaged  5.  8  inches. 
Ten  years  after  thinning,  they  averaged 
about  9  inches  with  some  11.5-inch  trees 
50  feet  tall,  an  encouraging  departure 
from  the  stagnated  stand  shown  in  figure  1. 


Effective  age  as  used  here  is  defined  as  the  number 
of  years  it  would  take  a  managed  stand  to  grow  to  the 
average  diameter  of  the  crop  trees  plus  the  years  neces- 
sary to  recover  from  stagnation. 


During  the  10  years  of  observation 
on  this  study,  thinning  has  stimulated 
diameter  growth  to  produce  a  usable 
product  (fig.  2)  within  a  reasonable  time. 
Trees  at  the  widest  spacing  have  added 
3  inches  to  their  diameter  during  the  past 
decade,  and  trees  spaced  13.  2  and  18.  7 
feet  have  grown  1,8  and  2,5  inches,  re- 
spectively (fig.  3).    Comparable  trees  in 
unthinned  plots  continue  to  grow  at  only 
a  half  or  a  third  of  those  rates. 


Figure  2.— Cross    section    cut   from   a   released 
ponderosa  pine. 
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Figure  3.— Average  annual  diameter  increment 
per  tree  in  the  thinned  stand  and  average 
growth  on  a  comparable  number  of  trees  in 
the  unthinned  stand  during  the  10  years  fol- 
lowing thinning. 


During  the  10  years,  none  of  the 
thinned  stands  have  produced  as  much 
wood  fiber  as  the  unthinned  stand  (fig.  4). 
However,  there  has  been  an  increase  in 
fiber  production  in  thinned  stands  from 
the  first  5-year  period  to  the  second;  the 
growing- stock  base  is  increasing  so  net 
cubic  growth  will  probably  equal  or  ex- 
ceed unthinned  stand  production  in  the 
next  decade  or  so.    And  most  important, 
in  the  thinned  stand,  wood  is  being  added 
to  trees  that  will  grow  to  usable  sizes. 
In  contrast,  much  of  the  wood  growth  in 
the  unthinned  stand  will  be  added  to  trees 
that  will  either  die  or  never  reach  mer- 
chantability. 

GROUND  COVER 

The  understory  in  these  thickets  of 
ponderosa  pine  is  a  sparse  stand  of 
spindly  shrubs  and  scattered  forbs  and 
grasses  (fig.   5).     Total  air-dry  herbage 
production  on  the  unthinned  portion  of 
the  study  area  was  about  117  pounds  per 
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Figure  4.— Periodic  average  annual  increment  of 
unthinned  stand  and  stands  thinned  to  vari- 
ous densities. 
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Figure  S.—Ponderosa  pine  thickets  produce  mea- 
ger forage,  and  the  dense  tree  stems  impede 
animal  movement  (upper).  Seven  years  after 
thinning  to  78.7-foot  spacing,  native  species 
respond  with  a  big  increase  in  production  and 
grazing  animals  can  move  freely. 


acre,  which  consisted  of  58-percent  forbs, 
40-percent  grasses  and  sedges,  and  2-per- 
cent shrubs.     This  herbage  production  has 
a  utilizable  forage  yield  of  approximately 
0.  06  animal  unit  monthz/  per  acre  per  year 
—  a  level  of  forage  production  that  requires 
17  acres  per  month  or  68  acres  per  summer 
grazing  season  to  provide  the  necessary 
forage  for  one  cow. 


'^One  animal  unit  month  (AUM)  equals  730  pounds 
of  air-dry  forage  for  cattle  (this  is  the  amount  of  forage 
consumed  by  a  1,000-pound  animal  in  30.5  days). 


Pinegrass  {Calamagrostis  rubesaens)^ 
an  acceptable  forage  species  and  the  pre- 
dominant grass  in  the  area,  accounted  for 
92  percent  of  the  grass  and  sedge  compo- 
nent with  sedges  {Carex  spp. ),  needle- 
grass  {Stipa  spp.),  beardless  wheatgr ass 
(Agropyron  inerme),  Idaho  fescue  [Festuoa 
idahoensis),    and  prairie  junegrass 
{Koeleria  aristata)  making  up  the  balance. 
The  forb  component  was  dominated  by 
balsamroot  { Balsamorhiza  sagittata)^ 
71  percent;  silky  lupine  {Lupinus  sericeus), 
11  percent;  and  pussytoes  (Antennaria  spp, ), 
5  percent.     Lesser  forbs  included  woolly- 
weed  (Hieraotwv  saoutevi),      western 
yarrow  {A ahil tea  lanulosa),   wayside 
gromwell  {Lithospermum  ruderale), 
purpledaisy  fleabane   [Erigevon  Gorymbosus)^ 
and  gland  cinquefoil  {Potentilla  glandulosa). 
The  only  shrub  that  contributed  measurable 
yields  was  antelope  bitterbrush  ( Purshia 
tvidentata). 

As  the  trees  are  thinned,  the  under- 
story  vegetation  responds  with  a  substantial 
increase  in  production.    After  eight  grow- 
ing seasons,  the  net  average  increase  due 
to  thinning  (total  yield  increase  in  thinned 
stands  minus  increase  in  unthinned  control 
stand)  ranged  from  181  pounds  per  acre 
air-dry  (79  percent)  at  the  13-foot  spacing 
to  342  pounds  per  acre  (246  percent)  at  the 
19-  and  26-foot  spacings.     Total  yield  for 
the  spacings  was  485  pounds  per  acre  at 
13  feet  and  550  pounds  per  acre  at  19  and 
26  feet.     In  contrast,  total  yield  on  the 
unthinned  area  had  increased  to  192  pounds 
per  acre.     Table  1  shows  changes  in  com- 
position by  vegetal  classes.     Overall  rate 
of  increase  of  grasses  was  higher  than  for 
forbs  and  shrubs,  but  forb  yields  exceeded 
grass  yields  under  the  denser  tree  canopies. 

McConnell  and  Smith  {12,  IZ)  found 
that  the  increase  in  yield  of  herbaceous 
species  began  to  level  off  after  8  years, 
and  additional  yield  will  probably  be  minor. 
On  the  other  hand,  bitterbrush,  which  is 


Table  1. --Percent  of  composition  in  three  vegetal   classes  after  one  and  eight 
growing  seasons  after  thinning  ponderosa  pine 


Tree  spacing  treatments 

Classes 

Unthinned 

13  feet 

19  feet 

26  feet 

1958 

1965 

1958 

1965 

1958 

1965 

1958 

1965 

Grasses  and  sedges 

40 

35 

50 

40 

67 

55 

67 

52 

Forbs 

58 

64 

46 

55 

31 

37 

30 

39 

Shrubs 

2 

1 

4 

5 

2 

8 

3 

9 

much  slower  to  respond  to  tree  thinning 
than  the  herbaceous  species,  continues 
its  upward  climb. 

There  are  no  published  yield  data 
on  forage  species  planted  in  ponderosa 
pine  thinnings.     There  is,  however,    an 
excellent  summary  by  Schwendiman  {17  ) 
of  information  gleaned  from  species  adapt- 
ability trials  on  forested  rangelands  of  the 
Northwest,  including  seedings  made   in 
forest  burns.    An  article  by  McClure  (11) 
on  grass  seedings  in  lodgepole  pine  burns 
on  the  Okanogan  National  Forest  in  central 
Washington  has  also  been  published. 

These  trials  identify  several  grasses 
and  grass-legume  mixtures  that  could  be 
expected  to  yield  1,000-1,400  pounds  per 
acre  dry  herbage  or  approximately  1  animal 
unit  month  of  utilizable  forage  per  acre 
per  year  starting  in  the  third  year   after 
seeding.     Where  seedings  were  made  in 
areas  formerly  occupied  by  trees,  trees 
were  allowed  to  reinvade  and  dominate  the 
site.     Thus,  we  have  no  evidence  from 
which  we  can  project  an  estimate  of  per- 
sistence of  planted  forage  species  over 
time.     Therefore,  we  assume  that  produc- 
tion of  planted  forage  will  not  diminish  over 
a  90-  to  100-year  pine  rotation  if  the  follow- 
ing conditions  are  met:    (1)  species   are 
chosen    with    proper    regard    to    site 


adaptability,   (2)  grazing  is  not  permitted 
until  the  third  year  and  then  only  at  a 
rate  that  will  not  result  in  overgrazing, 
and  (3)  tree  basal  area  is  kept  at  80  to  90 
square  feet  per  acre  by  periodic  thinning. 

EFFECT  OF  FORAGE  ON 
TIMBER  YIELDS 

The  interactions  between  timber 
overstories  and  vegetation  understories 
are  complex  and  not  completely  understood. 
However,  our  knowledge  is  growing  rapidly 
from  recent  studies  reported  by  Gordon  (7), 
Youngberg  (20),   and  McConnell  and  Smith 
(io  ),  and  we  now  suspect  that  a  situation 
that  is  undesirable  in  one  plant  community 
may  not  be  so  in  another.     In  a  study  on 
thinning  by  Barrett  (2)  in  the  pine-shrub 
area  of  central  Oregon,  bitterbrush,  snow- 
brush  ceanothus  {Ceanothus  velutinus), 
and  greenleaf  manzanita  { Arotostaphylos 
patula  )  rapidly  occupied  additional  grow- 
ing space  available  from  thinning  and  were 
highly  competitive  with  tree  growth  for  soil 
moisture.     Thus  the  understory  provided 
competition  similar  to  removed  trees  and 
almost  nullified  thinning  effects. 

EFFECT  OF  FOREST  PESTS 
ON  TIMBER  YIELDS 

Timber  yields  are  projected  on  the 
basis  of  results  of  a  study  in  natural,  dense, 
and  unthinned  control  stands,   and  thinned 


natural  stands  with  densities  similar  to 
the  three  used  in  this  study. 

We  can  predict  the  impact  of  disease 
and  insects  in  dense  unthinned  stands  that 
are  protected  from  fire.    We  cannot,  how- 
ever, predict  what  will  happen  to  thinned 
stands  of  ponderosa  pine,  because  we  have 
not  had  thinned  stands  long  enough  in  the 
Pacific  Northwest.     Therefore,  in  this 
study,  only  anticipated  mortality  from 
insects  in  the  unthinned  stand  are  applied 
to  projected  yields.     Yields  are  reduced 
according  to  the  best  available  estimates 
of  what  \vould  happen  in  this  type  of 
stand. -^Z 

The  presence  of  dwarf  mistletoe  in 
pine  stands  in  the  Pacific  Northwest  has 
long  been  recognized  and  its  impact  on 
mature  trees  was  recently  quantified  (4); 
however,  the  devastating  impact  on  under- 
story  reproduction  was  recognized  only 
recently  (i  8  ).    Past  practice  was  the 
removal  of  infected  overstory  and  sanita- 
tion of  the  understory  by  thinning  and 
pruning.    Results  have  been  discouraging, 
so  National  Forest  practice  now  is  to  har- 
vest the  infected  overstory,  destroy  the 
infected  understory,   and  plant  new  stock. 
The  presence  of  dwarf  mistletoe,  then, 
would  dictate  that  we  start  over  with 
planted  stock. 

EXPERIMENT  DESIGN 
AND  METHODS 

Three  timber  management  regimes 
are  proposed  for  the  remainder  of  the 
present  rotation  for  each  of  three  stocking 
levels  that  result  from  different  intensities 
of  precommercial  thinning  at  age  47.    The 
first  regime  is  a  clearcut  at  age  77  years 
(30  years  after  the  precommercial  thinning). 
The  second  is  a  commercial  thinning  at 
age  77  years  and  a  clearcut  at  age  97  years 


'As  formulated  by  Sartwell  {14). 


(50  years  after  the  precommercial  thinning). 
The  third  is  a  commercial  thinning  at  age 
77  years,  a  shelterwood  cut  at  age  97  years, 
and  an  overstory  removal  at  age  102  years 
(55  years  after  the  precommercial  thinning). 
Growth  of  this  47-year-old  stand  was  pro- 
jected forward  in  time  using  observed 
growth  from  age  47  to  57  and  by  applying 
growth  observations  from  other  studies 
for  ages  57  to  102  years  (2^3). 

These  nine  regimes  assume  no  added 
investment  in  forage  production.      By 
assuming  that  forage  is  planted  immediately 
after  the  precommercial  thinning  in  each 
of  the  foregoing  regimes,  nine  more  re- 
gimes are  created.    A  19th  regime  involved 
clearcutting  the  stagnated  stand    imme- 
diately at  age  47  (instead  of  precommer- 
cially  thinning  it)  and  planting  a  new  stand. 
Three  additional  regimes  on  unthinned 
stagnated  stands  are  to  clearcut  at  age  77 
years,  to  clearcut  at  97  years,  and  to 
shelterwood  cut  at  97  years  with  an  over- 
story removal  at  102  years.    These  are 
the  control  regimes;  they  indicate  what  is 
expected  of  stagnated  stands  if  no  thinnings 
occur;  and  they  are  a  base  for  comparison 
with  the  thinning  regimes. 


ECONOMIC  MODEL 

Present  net  worth  (  PNW  )  and  internal 
rate  of  return  i IROR)    are  two  economic 
measures  of  investment  efficiency.     PNW 
is  the  present  or  discounted  value  of  future 
benefits  minus  the  present  value  of  future 
costs.    To  determine  the  present  value  of 
a  future  cost  or  benefit,  one  must  discount 
it  to  the  present  at  some  interest  rate,  i . 

This  may  be  expressed  as:    present 
value  of  a  cost  (  PVa  )  equals  the  cost  that 
occurs  in  year  t,  C.,  divided  by  (1  +  i)*. 
The  interest  rate  is  expressed  in  decimal 
form;  or  more  simply,  pVc   -  0^/(1  +  t)'^. 


Likewise,  the  present  value  of  a  re- 
turn, PVr,   is  expressed  as:  P7r  =  R-t/(l  +  t)  . 
Therefore,  the  P/Vf/of  the  costs  and  returns 
that  occur  in  year  t  is: 
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It  follows  that  the  FNW  oi  a  series  of  costs 
and  returns  is  represented  as: 
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when  n  is  the  number  of  years  in  the 
investment  series. 

The  IROR   is  simply  the  interest  rate 
which  equates  discounted  returns  to  dis- 
counted costs,  i.e. ,  therate  that  results  in 
aP/i/f'/of  zero.    The  IROR  is  equal  to  i  when: 

n  R+  n  C+. 


t=0      (1  +  i)^  t=0    (1  +  i)* 


We  calculated  both  the  PNW  and  IROR 
for  all  the  management  regimes  three  times: 
once  based  on  timber  returns  only,  again 
for  timber  and  forage  returns,   and  finally 
for  timber  and  forage  returns  including  the 
allowable  cut  effect.    We  have  ranked  the 
management  regimes  by  PNW  since  this 
criterion  is  more  useful  than  IROR  when 
the  investment  alternatives  are  mutually 
exclusive  events  {29). 

Rotation  ages  of  the  present  manage- 
ment regimes  vary  from  77  to  102  years. 
The  present  values  of  costs  and  returns  are 
adjusted  to  put  them  on  a  common  time  basis. 
We  accomplished  this  by  arbitrarily  assum- 
ing that  the  same  (presumably  optimal)  man- 
agement regime  would  be  put  into  effect  at 
the  end  of  the  present  rotation  for  all  man- 
agement regimes  and  that  it  would  be  con- 
tinued in  perpetuity  (see  figure  6  for  a  sche- 
matic diagram  of  the  investment  period. ) 


Figure  6.— Schematic  diagram  of  tiie  investment  period  for  the  ponderosa  pine  thinning  analysis. 
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—      The  same  (presumabl\'  o|)timal)  management  regime  will  go  into  effect  at  the  end  of  all 
present  rotations  and  continue  in  perpetuity. 


The   PNW  of  each  management  regime  can  be  expressed  as: 


PNW 


Present  value  of  returns  - 
present  value  of  costs 
generated  during  the  years 
remaining  in  the  present 
rotation 


Present  net  worth  of  per- 
petual series  of  subsequent 
management  regimes  (begin- 
ning 30  to  55  years  in  the 
future) 


When  an  interest  rate  is  used  that 
approximates  the  rate  charged  to  the 
Federal  Government  to  borrow  funds  (the 
guiding  rate  of  return),  presently  5  to  6 
percent,  and  the  allowable  cut  effect  is  not 
included  in  the  economic  analysis,  the  PNW 
of  many  alternatives  is  negative.    This 
means  that  the  regimes  with  a  negative 
P/Vf/  earned  less  than  5  to  6  percent. 

In  our  analysis  we  are  dealing  with 
a  constrained  decision.    We  start  with  a 
47-year-old  stand  that  is  essentially  stag- 
nated.   Our  alternatives  are  limited  to 
either  modifying  the  stand  by  thinning 
(including  eradication  of  all  stems)  or 
leaving  it  unchanged.     So  we  are  dealing 
with  marginal  investments.    We  must 
calculate  the  incremental  net  cash  flow 
associated  with  each  thinning  regime.    This 
is  accomplished  by  subtracting  the  PNW 
of  the  control  stand  from  the  PNW  of  each 
thinning  regime.     Costs  that  occurred  in 
the  previous  47  years  of  the  present  rota- 
tion are  sunk  costs.    They  are  beyond  our 
control;  they  are  gone.    Hence,  they  have 
no  bearing  on  the  decision  at  hand — what 
to  do  with  the  present  stand  to  insure  the 
greatest  returns  from  this  stand  of  timber 
from  this  point  on. 

ECONOMIC  INPUT  DATA 
CHARACTERISTICS 

It  is  most  convenient  to  discuss  our 
economic  input  data  by  referring  to  two 
separate  time  periods:    the  present  rota- 
tion and  the  perpetual  series  of  future 
management  regimes.     The  latter  are 


expected  to  begin  immediately  upon  conclu- 
sion of  the  present  rotation.    All  input  data 
were  selected  after  consultation  with  forest 
administration  (including  field)  personnel. 
Let's  begin  with  the  present  rotation. 

The  precommercial  thinning,  which 
we  assumed  cost  $22  per  acre,  reduced 
stocking  from  2,300  stems  to  250  stems 
per  acre  or  less,  depending  on  the  manage- 
ment alternative.     It  also  left  a  large 
volume  of  slash  that  required  treatment 
to  reduce  fire  danger  and  promote  forage 
growth.    Without  treatment,  fire  danger 
remains  high  until  the  slash  breaks  down 
naturally,  a  process  which  requires 
several  decades  in  this  dry  climate.     In 
the  meantime,  the  slash  was  a  major 
obstacle  to  the  free  movement  of  domestic 
grazing  animals.    The  slash  also  reduced 
forage  production. 

There  are  several  ways  to  deal  with 
the  slash  that  results  from  the  initial  thin- 
ning of  stagnated  sapling  stands.      Fire 
danger  can  be  reduced  by  mechanically 
crushing  slash  with  a  "Tomahawk"  (5) — a 
brush- cutting  tool  mounted  on  the  blade  of 
a  D-6—    crawler  tractor  (fig.  7) — but  this 
does  little  to  promote  forage  growth. 
Machine  piling  and  burning  are  more  effec- 
tive means  of  reducing  slash  and  promoting 
forage  growth  but  are  also  more  expensive 
and  may  be  judged  esthetically  displeasing. 
Use  of  a  "Tomahawk"  costs  $15  to  $22  per 


Use   of  trade   names   does    not  constitute  endorse- 
ment by  the  U.S.  Department  of  Agriculture. 


Figure  7.— A  'Tomahawk"  mounted  on  a 
D-6  crawler  tractor.  This  attachment 
weighs  approximately  2,700  pounds 
and  is  useful  for  crushing  slash  and 
brush. 


acre;  and  machine  piling  and  burning,  $30 
to  $60  per  acre  depending  on  stand  density 
after  thinning.    The  cost  of  both  methods 
increases  with  increasing  thinned  stand 
density  as  more  care  and  time  are  re- 
quired to  maneuver  machines  at  the 
heavier  stocking  levels. 

Other  present  rotation  costs  are: 
general  administration,  $2.  30  per  acre 
per  year;  timber  sale  administration, 
$0. 165  per  thousand  board  feet  (covers 
that  part  of  the  timber  sale  costs  not  in- 
cluded in  general  administration  costs); 
rodent  control,  $10  per  acre  (occurs  once 
during  a  rotation,  usually  during  the  first 
year  of  regeneration);  and,  when  appro- 
priate, grass  planting,  $7,50  per  acre 
(follows  the  slash  removal  operation  after 
the  precommercial  thinning). 

Now  let's  consider  future  manage- 
ment regimes.    These  regimes  outline  our 
best  expectations  of  what  timber  harvest 
plans,  including  costs  and  revenues,  will 
be.    With  clearcutting  regimes,  site  prepa- 
ration is  the  first  cost  of  the  rotation.    We 
assumed  a  conservative  $24  per  acre  for 
this  cost.     However,  depending  on  topog- 
raphy and  the  volume  of  slash  left  on  the 
ground  from  the  previous  harvest,   it  may 


cost  as  much  as  $50  to  $60  per  acre.     Site 
preparation  occurs  immediately  (year  0) 
in  the  first  rotation.     This  is  followed  by 
the  tree-planting  operation    ($20  per  acre) 
and  the  rodent  control  treatment  ($10  per 
acre)  in  the  first  year  of  the  rotation.    Two 
hundred  trees  are  planted  with  an  assumed 
survival  rate  of  80  percent. 

A  grass-legume  mixture  is  planted 
($7.  50  per  acre)  in  the  first  year.    Two 
growing  seasons  pass  before  grazing  is 
permitted.     Each  year  a  general  adminis- 
tration cost  of  $2.  30  per  acre  is  charged. 
Basal  area  is  held  at  80  to  90  square  feet 
per  acre  by  commercial  thinning  at  age 
45,  60,   and  75  years.    A  "Tomahawk" 
($15  per  acre)  is  used  to  reduce  slash  after 
each  thinning.    A  timber  sale  administra- 
tion cost  of  $0. 165  per  thousand  board  feet 
applies  to  commercial  thinnings  and  final 
harvests. 

Future  shelterwood  management 
regimes  have  similar  costs  except  that 
no  trees   are  planted  and  no  site 
preparation  is  needed.      Instead,  slash 
removal   ($26  per  acre)  follows  the 
shelterwood  cut  to  increase  the  success 
of  natural  seeding  before    overstory 
removal. 


Soil  disturbance  from  the  shelter- 
wood  harvest  and  slash  removal  benefits 
natural  seeding.    A  precommercial  thin- 
ning ($8.50  per  acre)  at  age  10  years 
reduces  stocking  to  160  stems  per  acre. 
All  other  costs  for  the  future  shelterwood 
regimes  are  the  same  as  those  listed  for 
the  future  clearcut  regimes. 

All  costs  are  varied  in  our  analysis 
to  determine  the  sensitivity  of  the  final 
results  to  these  cost  assumptions. 

Revenue  from  both  future  clearcut 
and  shelterwood  regimes  are  based  on  a 
range  of  stumpage  prices  including  $20, 
$30,  and  $40  per  thousand  board  feet. 
Each  stumpage  price  represents  a  sepa- 
rate analysis  (i.e.,   stumpage  price  is 
constant  in  any  one  analysis).     Thinnings 
and  final  harvests  use  the  same  value  per 
thousand  board  feet.     Forage,  both  natural 
and  planted,  is  valued  at  zero,  $0.70, 
$1.25,  $2.50,  $3.75,   and  $4.50  per  animal 
unit  month  in  separate  analyses.    However, 
values  of  zero  through  $1.25  receive  the 
most  attention  as  they  more  closely  repre- 
sent current  and  expected  forage  charges 
on  National  Forests. 

Nonmarket  considerations,  such  as 
soil  stabilization  benefits  from  planted 
forage,  the  social  costs  associated  with 
smoke  from  slash  burning,  esthetics,  and 
the  effects  on  wildlife  habitat,  all  vary 
with  the  management  regimes  but  are  not 
included  in  the  present  analyses.    However, 
we  recognize  that  occasionally  nonmarket 
considerations  may  outweigh  the  economic 
factors  and  become  the  determining 
influence  in  a  decision. 

RESULTS 

RETURNS  FROM  TIMBER 

Economic  returns  from  timber,  in 
stands  that  were  precommercially  thinned 


at  age  47  years  and  from  control  stands, 
are  determined  by  assuming  that  all  other 
forest  resources  are  nonmarketable 
products.     In  the  timber  analysis,  it  is 
assumed  no  forage  is  planted.     Natural 
forage  is  ignored  because  we  are  con- 
cerned with  differences  among  manage- 
ment alternatives;  natural  forage  is 
assumed  constant. 

In  general,  thinning  stands  with 
2,300  stems  per  acre  to  stocking  levels 
of  250,  125,  or  62  stems  per  acre,    is 
unattractive  when  judged  only  on  economic 
returns  from  timber.     This  is  shown  in 
table  2  (column  5)  where  PNV/  values 
(based  on  a  5-percent  discount  rate)  are 
negative  for  every  management  regime, 
i.e. ,  all  regimes  earn  less  than  5  percent 
on  funds  invested  in  management.      A 
negative  P/l/fv'  value  for  a  management 
regime  represents  the  amount  of  dollars 
we  would  lose  per  acre  by  investing  in 
that  regime  if  carrying  charges  on  invest- 
ments were  5  percent  each  year.    Note 
that  the  economic  costs  of  carrying  the 
control  stands  (ranked  7,  8,   and  11  in 
table  2)  are  more  than  twice  as  large  as 
those  of  the  highest  ranked  management 
regime.    Therefore,  we  can  reduce  our 
losses  by  precommercially  thinning  the 
stagnated  stands  to  125  or  62  stems  per 
acre. 

Present  net  worth  values  in  table  2 
are  based  on  our  most  optimistic  stump- 
age price  ($40  per  thousand  board  feet 
and  a  precommercial  thinning  cost  of  $22 
per  acre.    When  the  latter  was  reduced 
to  $16.  50  per  acre  and  when  the  "Toma- 
hawk" was  used  to  treat  slash  instead  of 
the  machine  piling  and  burning  operation, 
the  result  was  a  negligible  increase  in 
the  economic  return. 

RETURNS  FROM  TIMBER  AND  FORAGE 

Economic  returns  from  timber  and 
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Table  2. --Timber  yields  and  present  net  worth  from 
timber  for  13  management  regimes 


Ranking  (based 
on  present 
net  worth) 


Management  regime 


Stocking 

(after  initial 

thinning) 


Present 
net  vjortht/ 


Trees  per  acre 

Board  feet 

Do  I lars 

1 

Clearcut  at  age  77  years 

62 

67 

-15.16 

2 

Clearcut  at  age  97  years 

125 

152 

-17.48 

3 

Shelterwood 

62 

126 

-18.84 

4 

Shelterwood 

125 

154 

-19.15 

5 

Clearcut  at  age  77  years 

125 

75 

-19.46 

6 

Clearcut  at  age  97  years 

62 

115 

-19.59 

7 

Shelterwood,  control  stand 

(3/) 

39 

-33.91 

8 

Clearcut  control  stand  at 

age  97  years 

(3/) 

33 

-37.76 

9 

Clearcut  at  age  97  years 

250 

132 

-40.06 

10 

Shelterwood 

250 

133 

-40.19 

n 

Clearcut  control  stand  at 

age  77  years 

(3/) 

15 

-42.72 

12 

Clearcut  at  age  77  years 

250 

52 

-52.05 

13 

Clearcut  (noncommercial) 
at  age  47  years  and 

plant  new  stand 

0 

-59.23 

1/  Mean  annual  increment  in  present  rotati 

2/ 

— '  Based  on  5-percent  discount  rate. 

y  Unthinned. 


on, 


forage  in  stands  precommercially  thinned 
at  age  47  years,   and  from  control  stands, 
assume  forage  was  planted  immediately 
after  precommercial  thinning. 

Timber  and  forage  returns  from 
thinned  stands  are  greater  than  those 
earned  by  timber  only,  but  they  are  still 
less  than  the  guiding  rate  of  return  (see 
column  5,  table  3,  where  no  regime  has 
a  positive  PNW  value  when  the  discount 
rate  is  5  percent).    Note  that  the  four 
lighest  ranking  regimes  based  on  FNW 
Df  timber  and  forage  (table  3,  column  5) 
are  also  the  highest  ranking  regimes  in 
table  2  which  is  based  on  timber  only, 
irhese  returns  are  determined  by  using  a 


stumpage  value  of  $40  per  thousand  board 
feet,  one  of  the  higher  forage  values  ($1.25 
per  animal  unit  month)  presently  found  on 
National  Forests  in  the  pine-grass  region 
ilS),  and  a  precommercial  thinning  cost  of 
$22  per  acre.     Reducing  the  precommer- 
cial thinning  cost  to  $16.50  per  acre  has  a 
negligible  effect  on  the  returns. 

IMPACT  OF  THE  ALLOWABLE 
CUT  EFFECT 

The  allowable  cut  effect  was  defined 
earlier  as  "the  immediate  increase  in 
today's  allowable  cut  which  is  attributable 
to  expected  future  increases  in  yields.  " 
Schweitzer  et  al.  [16)  discussed  some  of 
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Table  3. --Timber  and  forage  yields  and  present  net  worth  from  timber  and  forage  for 
22  management  regimes  with  and  without  the  allowable  cut  effect 


Ranking-^ 

Management  regime 

Stocking  after 

initial 

thinning 

Planted 
forage 

Present  net  worthl./ 

-   MAll/ 

Anni 

Without 
ACE 

With 
ACE 

for< 
produ( 

Trees  per  acre 

Dollars 

Board  feet 

AUM 

1 

Clearcut  at 

age  97 

years 

125 

yes 

-6.36 

111.90 

152 

l.( 

2 

Clearcut  at 

age  77 

years 

62 

yes 

-7.28 

37.20 

67 

l.( 

3 

Shelterwood 

62 

yes 

-7.54 

76.42 

126 

l.( 

4 

Shelterwood 

125 

yes 

-7.85 

99.97 

154 

l.( 

5 

Clearcut  at 

age  97 

years 

62 

yes 

-8.47 

69.52 

115 

l.( 

5 

Clearcut  at 

age  77 

years 

125 

yes 

-11.59 

40.11 

75 

l.( 

7 

Clearcut  at 

age  77 

years 

62 

no 

-11.99 

32.50 

67 

i/.. 

8 

Clearcut  at 

age  97 

years 

125 

no 

-13.57 

104.69 

152 

i/.: 

9 

Shelterwood 

62 

no 

-14.86 

68.91 

126 

1/.: 

10 

Shelterwood 

125 

no 

-15.20 

92.43 

154 

4/.: 

11 

Clearcut  at 

age  97 

years 

62 

no 

-15.65 

62.33 

115 

i/.: 

12 

Clearcut  at 

age  77 

years 

125 

no 

-16.32 

35.38 

75 

1/., 

13 

Shelterwood 

250 

yes 

-28.89 

60.38 

133 

i.( 

14 

Clearcut  at 

age  97 

years 

250 

yes 

-28.94 

67.86 

132 

i.( 

A    / 

15 

Shelterwood 

control  stand 

(5/) 

no 

-30.78 

-30.78 

39 

4/_ 

16 

Clearcut  control  s 

tand 

at  97  years 

(5/) 

no 

-34.36 

-34.36 

33 

4/. 

17 

Clearcut  at 

age  97 

years 

250 

no 

-36.92 

59.88 

132 

1/.; 

18 

Shelterwood 

250 

no 

-37.02 

52.05 

133 

i/.; 

19 

Clearcut  cor 

itrol  stand 

at  age  7/ 

'  years 

(5/) 

no 

-37.47 

-37.47 

15 

4/_i 

20 

Clearcut  at 

age  77 

years 

250 

yes 

-44.18 

-12.63 

52 

l.( 

21 

Clearcut  at 

age  47 

years^/ 

-- 

-- 

-47.43 

-- 

0 

- 

22 

Clearcut  at 

age  77 

years 

250 

no 

-49.47 

-17.93 

52 

i/.; 

1/ 

2/ 


Based  on  present  net  worth  (PNW)  without  allowable  cut  effect  (ACE). 


Present  net  worth  values  are   based  on  a  5-percent  discount  rate.  A  negative  value  indicates  that 
a  5-percent  return  is  not  earned. 

—'    Mean  annual  increment  in  present  rotation. 

1/  Natural  forage  yields  reach  this  level  by  the  10th  year  after  the  release  of  the  stagnated  stand 
and  then  level  off. 

-^/  Unthinned. 

_'    Clearcut  stagnated  stand   (noncommercial)   at  age  47  years  and  plant  a  new  stand. 


the  physical  and  economic  ramifications 
of  the  allowable  cut  effect  and  listed  the 
following  items  to  define  the  decision- 
making situation  that  is  necessary  for  an 
allowable  cut  effect  to  occur. 

1.  The  forest  manager  must  calcu- 
late an  allowable  cut  and  must  actually 
harvest  that  volume. 

2.  The  allowable  cut  must  be  based 


on  volume  regulation. 

3.  The  allowable  cut  must  be  depen- 
dent upon  the  rate  of  growth  of  trees  in 
the  management  unit. 

4.  There  must  be  available  a  re- 
serve of  merchantable  timber. 

One  might  ask,   "Why  should  we 
consider  the  allowable  cut  effect  in  this 
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analysis?"    This  question  can  be  answered 
best  by  restating  the  purpose  of  this  paper: 
to  develop  management  guidelines  for  allo- 
cating a  budget  within  the  constraints  of 
a  regulated  harvest — which  is  certainly  the 
case  where  the  allowable  cut  effect  is  rele- 
vant.   The  allowable  cut  effect  is  relevant 
to  the  present  management  of  National 
Forest  land  in  the  pine-grass  region — the 
allowable  cut  is  dependent  on  the  rate  of 
tree  growth  and  is  normally  based  on 
volume  regulation,  there  is  an  abundance 
of  mature  timber  available  for  harvest, 
and  there  is  usually  no  problem  marketing 
the  timber  offered  for  sale.     Hence,  if 
additional  timber  were  rationalized  for 
harvest  by  the  allowable  cut  effect  and  if 
it  were  offered  for  sale,  no  problem  in 
marketing  it  would  be  expected. 

How  is  the  "immediate  increase  in 
today's  allowable  cut"  applied  in  stands 
like  those  described  in  this  study?    Con- 
sider, for  example,  a  4 7- year- old  ponder- 
osa   pine  stand  with  2,300  stems  per  acre. 
Without  management,  this  stand  would 
yield  about  3,  200  board  feet  per  acre  in 
50  years.     Many  nontreated  sapling  stands 
with  this  approximate  age  (47  years)  and 
yields  (3,200  board  feet  at  rotation  age) 
are  included  in  data  used  to  calculate  the 
present  allowable  cut.     If  this  stand  is 
precommercially  thinned  to  125  stems  per 
acre  at  age  47  years  and  commercially 
thinned  to  90  stems  per  acre  at  age  77 
years,  it  would  yield  about  14,  740  board 
feet  per  acre  at  the  end  of  the  rotation — a 
gain  of  11,  540  board  feet  over  50  years. 

If  the  allowable  cut  effect  is  recog- 
nized, instead  of  waiting  50  years  and  then 
absorbing  all  of  the  increase  in  1  year,  the 
expected  gain  is  spread  equally  over  50 
years.    Therefore,  the  allowable  cut  effect 
for  each    year  remaining  in  the  present 
rotation  would  be  approximately  230  board 
feet  (11,  540  board  feet  per  50  years)  for 
each  acre  of  stagnated  forest  that  was 
brought  under  management. 


On  a  cash  flow  basis,  if  we  value 
stumpage  at  $40  per  thousand  board  feet, 
this  allowable  cut  effect  of  230  board  feet 
per  year  for  50  years  is  the  same  as  an 
annuity  of  $9.20  (=  $40  x  0.230  thousand 
board  feet)  for  the  same  period  for  each 
treated  acre.    The  result  of  adding  such 
an  annuity  to  the  economic  analysis  of 
joint  returns  is  evident  in  table  3,  by  com- 
paring columns  5  and  6. 

RETURNS  FROM  FORAGE 
AND  TIMBER  WITH  THE 
ALLOWABLE  CUT  EFFECT 

When  the  allowable  cut  effect  is 
included  in  the  economic  analysis  of  timber 
and  forage  yields,  returns  from  nearly 
three-fourths  of  the  management  regimes 
exceed  the  guiding  rate  of  return  (table  3, 
column  6).     The  highest  return  is  earned 
by  a  clearcut  regime  with  125  stems  per 
acre  (after  precommercial  thinning)  that 
is  commercially  thinned  at  age  77  j^ears 
and  clearcut  at  age  97  years.    Returns 
from  all  regimes  are  based  on  $40^er- 
thousand-board-foot-stumpage,  $1.  25-per- 
AUM-forage,  and  a  precommercial  thinning 
cost  of  $22  per  acre. 

When  the  cost  of  the  precommercial 
thinning  is  reduced  to  $16.50  per  acre, 
the  returns  from  all  regimes  increase 
negligibly. 

In  this  analysis,  the  allowable  cut 
effect — the  immediate  increase  in  annual 
allowable  cut — results  from  the  expected 
future  increase  in  yields  that  are  attributed 
to  the  precommercial  thinning  of  the  over- 
stocked stands.—^    Therefore,  the  three 
control  (unthinned)  alternatives  are  not 
affected  by  the  allowable  cut  effect. 


'  In  1966,  Flora  (6)  described  the  effect  on  allowable 
cut  that  results  from  precommercial  thinning  in 
ponderosa  pine  stands. 


13 


The  influence  of  the  allowable  cut 
effect  on  economic  returns  from  invest- 
ments in  thinning  these  overstocked 
stands  is  apparent  in  figure  8  and  in 
columns  5  and  6  of  table  3. 

Clear  cuts  at  age  77  years  are  always 
low-ranked  regimes  when  the  allowable 
cut  effect  is  considered.    Note  that  a  pre- 
commercial  thinning  to  250  trees  per  acre 
followed  by  a  clearcut  in  30  years  (age  77 


years)  produces  a  smaller  return  when 
the  allowable  cut  effect  is  not  included 
than  clearcutting  the  stagnated  control 
stand  at  either  age  77  or  97  years  (see 
column  5  in  tables  2  and  3).    This  occurs 
because  the  discounted  value  of  the 
increased  growth,  in  the  30  years  follow- 
ing the  precommercial  thinning,  is  less 
than  the  cost  of  the  precommercial  thin- 
ning which  is  incurred  immediately  and 
cannot  be  discounted. 


^2Q    SHELTERWOOD  at  age  97;         CLEARCUT  at  age  97  years 
rbverwood  removal  at  age  102  ~ 
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Number  of  trees  per  acre  after  precommercial  thinning 

Figure  8.— Present  net  worth  based  on  a  5-percent  discount  rate  for  a 
shelterwood  regime  and  a  clearcut  regime  for  timber,  timber  and 
forage,  and  forage  and  timber  with  the  allowable  cut  effect  at  three 
stocking  levels. 
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SUMMARY 

This  analysis  is  a  "first  step" 
approach  to  thinning  guides.     It  is  limited 
to  stagnated  sapling  stands;  however,  it 
points  out  the  need  for  further  research 
on  this  topic. 

Management  regimes  have  been 
ranked  by  their  economic  returns  from 
timber  and  timber  and  forage,  with  and 
without  the  allowable  cut  effect  (tables  2 
and  3).     What  can  we  learn  from  these 
rankings  ?    Are  they  a  positive  step  in  the 
development  of  thinning  guides  for  the 
overstocked  ponderosa  pine  stands?    Sev- 
eral points  stand  out. 

BEST  ECONOMIC  RETURNS 
FROM  125  TREES  PER  ACRE 

Of  the  three  stocking  levels  (250, 
125,   and  62  trees  per  acre),  the  125-trees- 
per-acre  level  generally  produces  greater 
economic  returns  than  the  250-  or  the 
62-trees-per-acre  level.    This  is  espe- 
cially true  when  the  allowable  cut  effect  is 
considered.    When  it  is  not  considered, 
the  125-  and  62-trees-per-acre  stocking 
levels  exhibit  similar  economic  returns. 
However,  this  does  not  mean  that  125 
trees  per  acre  is  the  most  desirable  level 
of  stocking.     Some  untried  (in  this  analysis) 
stocking  level  on  either  side  of  this  level 
may  produce  greater  joint  returns  from 
timber  and  forage,  either  with  or  without 
the  allowable  cut  effect. 

LOWEST  ECONOMIC  RETURNS 
FROM  250  TREES  PER  ACRE 

The  250-trees-per-acre  level  con- 
sistently produces  lower  economic  returns 
than  the  other  two  levels.    Apparently, 
this  stocking  level  is  still  too  heavy 
to  produce  substantial  growth  response 
from  a  stagnated  stand. 


ECONOMIC  RETURNS  INCREASE 
WITH  THE  ALLOWABLE  CUT 
EFFECT  FROM  STAGNATED 
STANDS 

Economic  returns  from  investments 
in  precommercial  thinning  of  stagnated 
stands  increase  when  the  allowable  cut 
effect  is  included.    Returns  from  all  but 
the  unthinned  (control)  management 
regimes  increase. 

CLEARCUTS  RANK  HIGHER 
THAN  SHELTERWOOD  CUTS 

In  general,  economic  returns  from 
clearcut  regimes  rank  higher  than  shelter- 
wood  cuts  in  stands  with  similar  stocking 
both  with  and  without  the  allowable  cut 
effect.     However,  the  best  shelterwood 
regime  ranks  a  close  second  to  the  best 
clearcut  regime.    When  the  allowable  cut 
effect  is  considered  for  regimes  with  125 
trees  per  acre,  both  with  and  without 
planted  forage,  the  clearcut  (at  age  97 
years)  regime  produces  the  greatest 
return  on  investment,  followed  by  the 
shelterwood  regime. 

PLANTING  FORAGE  INCREASES 
JOINT  ECONOMIC  RETURNS 

Planting  forage  increases  joint 
economic  returns  from  timber  and 
forage.      The  amount  of  increase,  both 
without  and  with  the  allowable  cut  effect, 
can  be  seen  in  table  3,  columns  5  and  6. 
For  example,  compare  rankings  number 
1  and  8,  which  are  the  same  except  that 
one  has  planted  forage.      Without  the 
allowable  cut  effect,   planting  forage 
increased  PM  (assuming  a  5-percent 
discount  rate)  from  $-13.  57  to  $-6.36, 
and  with  the  allowable  cut  effect,  from 
$104.69  to  $111.  90.      Likewise,    com- 
pare rankings  2  and  7,    3  and  9,    4  and 
10,  etc. 
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Do  these  increases  in  PNW  mean  one  may  conclude  that  the  returns  from 

that  planting  forage  "pays"  or  are  they  forage  exceed  the  cost  of  planting  forage 

negligible?    The  decision  hinges  on  a  (assuming  a  5-percent  discount  rate), 

marginal  analysis  of  the  costs  and  returns  but  one  cannot  make  a  decision  as  to  how 

associated  with  the  planting  and  utilization  well  planting  forage  "pays"  without   a 

of  forage  as  outlined  elsewhere  by  Sassa-  marginal  analysis  of  the  costs  and  returns 

man  [15).    Therefore,  in  the  present  study,  associated  with  planting  forage. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  oi  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  pr(jmptly.  Project  headquarter?  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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ABSTRACT 

Present  net  worth  values  earned  by  investments  in 
precommercial  thinning  of  stagnated  ponderosa  pine  sapling 
stands  are  reported  for  three  stocking  levels.     Ten  timber 
management  regimes  are  ranked  by  their  returns  from  tim- 
ber only,   and  19  regimes  are  ranked  according  to  their 
returns  from  timber  and  forage,  with  and  without  the  allow- 
able cut  effect. 
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NOTICE 

Research  Paper  PNW-144  has  been  revised  to  amend 
tables  2  and  3.     The  present  net  worths  of  the  management 
regimes  listed  in  tables  2  and  3  were  obtained  by  subtracting 
the  present  net  worth  of  the  appropriate  control  stand  from 
the  present  net  worth  of  the  various  management  regimes  to 
show  the  marginal  economic  returns  associated  with  the  funds 
invested  in  precommercial  thinning.     The  control  stands 
should  not  have  been  listed  in  tables  2  and  3  in  the  original 
PNW-144.     This  revised  version  is  issued  to  prevent  any 
misinterpretation. 
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INTRODUCTION 

This  paper  reports  the  economic 
returns  that  can  be  earned  by  investing 
in  precommercial  thinning  of  stagnated 
ponderosa  pine  {Pinus  ponderosa)^' 
sapling  stands.     Returns  from  thinning 
to  three  stocking  levels,  with  and  without 
the  allowable  cut  effect,  £/  are  published 
for  the  information  of  land  managers, 
silviculturists,  and  those  who  are  inter- 
ested in  management  decisions  to  be 
made  on  the  millions  of  acres  of  over- 
stocked ponderosa  pine  stands  in  the 
Pacific  Northwest.      Ten  timber  manage- 
ment regimes  are  ranked  according  to 
their  economic  returns  from  timber  only, 
and  19  regimes  are  ranked  when  both 
timber  and  forage  produce  revenue. 

The  major  reason  for  this  study 
is  the  large  acreage  that  may  benefit  from 
the  development  of  economic  management 
guidelines  for  precommercially  thinning 
stagnated  stands  of  ponderosa  pine  sap- 
lings.   According  to  Forest  Survey  records, 
several  million  acres  of  such  stands  in 
Oregon  and  Washington  occur  in  two  forms: 
the  unmerchantable  "doghair"  stands, 
made  up  of  many  very  slow-growing  stems 
of  about  the  same  age  and  size,    and  the 
two-story  stands,  consisting  of  mature  or 
overmature  overstory  and  a  dense  under- 
story  of  stems  less  than  merchantable 
size.    We  are  concerned  here  with  stands 
less  than  rotation  age  without  a  mature 
overstory. 


The  present  trend  toward  wider 
spacing  of  trees  in  Pacific  Northwest  pine 
management  is  another  reason  for  con- 
ducting this  study.    Barrett  (  3 )  has  shown 
that  in  naturally  occurring  low  density 
stands,  140  trees  produced  as  much  wood 
in  45  years  as  460  trees  produced  on  a 
similar  site.     However,  the  tree  density 
that  is  the  most  compatible  with  other 
uses,  plus  being  economically  feasible, 
is  still  a  subject  for  debate. 

Finally,  we  must  consider  questions 
related  to  joint  returns  from  timber  and 
forage  that  result  from  precommercial 
thinning. 

There  are  two  distinct  types  of 
forest-grazing  land:    pine-grass   and 
pine-shrub.     Pine-grass  areas  are  most 
common  in  central  and  eastern  Washing- 
ton, and  pine-shrub  areas  are  usually 
found  in  eastern  Oregon.     Our  attention 
is  focused  on  management  regimes  com- 
mon to  National  Forests  in  the  pine-grass 
areas. 

Our  objective  is  to  determine  which 
of  several  thinning  schedules  for  stagnated 
ponderosa  pine  sapling  stands  produces 
the  greatest  economic  returns,  and  this 
study  is  a  start  in  the  development  of 
these  guides.     It  is  based  on  data  for  one 
site  (a  high  Site  V)  in  the  pine-grass  area 
of  central  Washington.      The  schedules 
differ  in  stocking,  forage  production,  and 
the  length  (time)  of  management  regime. 
Proper  use  of  this  study  requires  that 
the  assumptions  and  constraints  be  kept 
firmly  in  mind. 


Scientific  names  for  grasses  and  sedges  are  accord- 
ing to  Hitchcock  [8)\  for  forbs  and  shrubs,  Hitchcock  et 
al.  (9);  for  trees,  Little  [10). 

The  allowable  cut  effect  is  defined  here  as  the  im- 
mediate increase  in  today's  allowable  cut  which  is  at- 
tributable to  expected  future  increases  in  timber  yields 
on  regulated  forests.  This  is  the  definition  used  by 
Schweitzer  et  al.  (16). 


Sensitivity  analyses  were  conducted 
for  a  range  of  stumpage  and  forage  prices 
and  a  variety  of  costs.      However,   the 
study  results  which  are  summarized  in 
tables  2  and  3  reflect  generally  conserva- 
tive cost  estimates  and  liberal  prices. 
Both  of  these  tend  to  increase  the 


estimated  return  on  investment.    Even  so, 
all  of  our  alternatives  (when  the  allowable 
cut  effect  is  not  included)  yield  less  than 
the  guiding  rate  of  return.     You  maj^  want 
to  compare  your  assumptions  with  ours 
and  speculate  on  the  extent  to  which  your 
management  activities  should  agree  with 
our  study  findings. 

PHYSICAL  DESCRIPTION 

THE  TIMBER  STAND 

A  ponderosa  pine  stand  located  on 
Washington  State  Department  of  Game 
lands  in  the  upper  Methow  River  Valley 
north  of  Winthrop,   Washington,  provided 
timber  and  forage  data  for  the  decade 
following  a  precommercial  thinning  in 
1957.     This  stand  originated  from  natural 
seeding  about  1911  following  logging  and 
fire.    Surviving  trees  of  the  original  stand, 
unmerchantable  at  the  time  of  logging, 
indicated  an  above  average  Site  V  (13), 

Before  thinning,  the  47-year-old 
stand  contained  over  2,  300  stems  per 
acre  (fig.  1).    Trees  averaged  3  inches  in 


Figure  1.  —  Unthinned  ponderosa  pine  stand  with 
over  2,300  stems  per  acre. 


diameter  and  17  feet  in  height.     Growth 
was  extremely  slow.     Individual  trees 
added  only  0.6  inch  per  decade  to  their 
diameter  and  3.  5  feet  to  their  height. 
None  of  the  maladies  common  to  many 
ponderosa  pine  stands  such  as  needle 
blight,  root  rot,  or  mistletoe  were  present. 
An  occasional  tree  died  from  suppression, 
but  generally  the  stand  had  settled  into  a 
state  of  stagnation.     Fortunately,  crowns 
of  dominants  were  full  and  not  dwarfed  in 
relation  to  their  bole  as  they  v.'ould  be  in 
stands  with  higher  densities,  so  prospects 
for  increasing  tree  growth  by  thinning 
looked  good.    Since  this  stand  is  a  good 
representative  of  the  several  million  acres 
of  overdense  ponderosa  pine  stands  in  the 
Pacific  Northwest,   a  study  was  initiated 
to  test  individual  tree  and  stand  perfor- 
mance under  varied  spacings  {1 ). 

Four  stand  treatments — thinning  to 
250  trees  per  acre  (average  spacings  of 
13. 2  feet),    125  trees  per  acre  (average 
spacings  of  18.  7  feet),  62  trees  per  acre 
(average  spacings  of  26.4  feet),    and  no 
thinning — were  tested.      Each  treatment 
was  replicated  three  times.      The  wider 
spacings  were  chosen  to  define  a  limit  on 
spacing  so  that  the  capacity  of  an  acre  to 
produce  wood  could  be  concentrated  on  as 
few  trees  as  possible.   After  thinning  to  125 
trees  per  acre  at  age  47  years,  diameter 
and  height  averaged  5  inches   and  25.  7 
feet.    This  would  correspond  to  an  effec- 
tive age^'  of  about  25  years.      Imme- 
diately after  thinning  to  62  trees  per  acre, 
diameter  of  trees  averaged  5.8  inches. 
Ten  years  after  thinning,  they  averaged 
about  9  inches  with  some  11.5-inch  trees 
50  feet  tall,  an  encouraging  departure 
from  the  stagnated  stand  shown  in  figure  1. 


^Effective  age  as  used  here  is  defined  as  the  number 
of  years  it  would  take  a  managed  stand  to  grow  to  the 
average  diameter  of  the  crop  trees  plus  the  years  neces- 
sary to  recover  from  stagnation. 


During  the  10  years  of  observation 
on  this  study,  thinning  has  stimulated 
diameter  growth  to  produce  a  usable 
product  (fig.  2)  within  a  reasonable  time. 
Trees  at  the  widest  spacing  have  added 
3  inches  to  their  diameter  during  the  past 
decade,  and  trees  spaced  13.2  and  18.7 
feet  have  grown  1,8  and  2,5  inches,  re- 
spectively (fig,  3),    Comparable  trees  in 
unthinned  plots  continue  to  grow  at  only 
a  half  or  a  third  of  those  rates. 


Figure  2.— Cross    section    cut   from   a   released 
ponderosa  pine. 


0.3 


0  2 


1       01 


Thinned---. 
Unthinned 


i  250  125  62 

13  2x13  2      18.7x187       26.4x264 

Trees  per  acre  and  spacing  (feet) 

Figure  3.— Average  annual  diameter  increment 
per  tree  in  the  thinned  stand  and  average 
grov\/th  on  a  comparable  number  of  trees  in 
the  unthinned  stand  during  the  10  years  fol- 
lowing thinning. 


During  the  10  years,  none  of  the 
thinned  stands  have  produced  as  much 
wood  fiber  as  the  unthinned  stand  (fig.  4). 
However,  there  has  been  an  increase  in 
fiber  production  in  thinned  stands  from 
the  first  5-year  period  to  the  second;  the 
growing-stock  base  is  increasing  so  net 
cubic  growth  will  probably  equal  or  ex- 
ceed unthinned  stand  production  in  the 
next  decade  or  so.    And  most  important, 
in  the  thinned  stand,  wood  is  being  added 
to  trees  that  will  grow  to  usable  sizes. 
In  contrast,  much  of  the  wood  growth  in 
the  unthinned  stand  will  be  added  to  trees 
that  will  either  die  or  never  reach  mer- 
chantability. 

GROUND  COVER 

The  understory  in  these  thickets  of 
ponderosa  pine  is  a  sparse  stand  of 
spindly  shrubs  and  scattered  forbs  and 
grasses  (fig.  5).     Total  air-dry  herbage 
production  on  the  unthinned  portion  of 
the  study  area  was  about  117  pounds  per 
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Figure  4.— Periodic  average  annual  increment  of 
unthinned  stand  and  stands  thinned  to  vari- 
ous densities. 
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Figure  5.—Ponderosa  pine  thicl<ets  produce  mea- 
ger forage,  and  the  dense  tree  stems  impede 
animal  movement  (upper).  Seven  years  after 
tfiinning  to  18.7foot  spacing,  native  species 
respond  witii  a  big  increase  in  production  and 
grazing  animals  can  move  freely. 


acre,  which  consisted  of  58-percent  forbs, 
40-percent  grasses  and  sedges,  and  2-per- 
cent shrubs.     This  herbage  production  has 
a  utilizable  forage  yield  of  approximately 
0.  06  animal  unit  monthi./  per  acre  per  year 
--a  level  of  forage  production  that  requires 
17  acres  per  month  or  68  acres  per  summer 
grazing  season  to  provide  the  necessary 
forage  for  one  cow. 


'^One  animal  unit  month  (AUM)  equals  730  pounds 
of  air-dry  forage  for  cattle  (this  is  the  amount  of  forage 
consumed  by  a  1,000-pound  animal  in  30.5  days). 


Pinegrass  {Calamagrostis  rubescen 
an  acceptable  forage  species  and  the  pre- 
dominant grass  in  the  area,  accounted  for 
92  percent  of  the  grass  and  sedge  compo- 
nent with  sedges  {Car ex  spp. ),  needle- 
grass  {Stipa  spp.),  beardless  wheatgr  as  £ 
{Agropyron  inerme),  Idaho  fescue  {Festucc 
idahoensis)^    and  prairie  junegrass 
[Koelevia  aristata)  making  up  the  balanc 
The  forb  component  was  dominated  by 
balsamroot  {Balsamorhiza  sagittata)^ 
71  percent;  silky  lupine  {Lupinus  seriaeut 
11  percent;  and  pussj^oes  {Antennaria  spp 
5  percent.     Lesser  forbs  included  woolly- 
weed  ( /:/tepac?iz.<77?  scoulevi)^      western 
yarrow  (Aahttlea  lanulosa),  wayside 
gromwell  { Lithospermum  ruderale), 
purpledaisy  fleabane   [Erigeron  oorymbosv. 
and  gland  cinquefoil  {Potentilla  glandulo 
The  only  shrub  that  contributed  measurabl 
yields  was  antelope  bitterbrush  ( Purshia 
tridentata). 

As  the  trees  are  thinned,  the  under- 
story  vegetation  responds  with  a  substantij 
increase  in  production.    After  eight  grow- 
ing seasons,  the  net  average  increase  due 
to  thinning  (total  yield  increase  in  thinned 
stands  minus  increase  in  unthinned  control 
stand)  ranged  from  181  pounds  per  acre 
air-dry  (79  percent)  at  the  13-foot  spacing 
to  342  pounds  per  acre  (246  percent)  at  the 
19-  and  26-foot  spacings.     Total  yield  for 
the  spacings  was  485  pounds  per  acre  at 
13  feet  and  550  pounds  per  acre  at  19  and 
26  feet.     In  contrast,  total  yield  on  the 
unthinned  area  had  increased  to  192  pounds 
per  acre.    Table  1  shows  changes  in  com- 
position by  vegetal  classes.    Overall  rate 
of  increase  of  grasses  was  higher  than  for 
forbs  and  shrubs,  but  forb  yields  exceeded 
grass  yields  under  the  denser  tree  canopie 

McConnell  and  Smith  (12,13)  found 
that  the  increase  in  yield  of  herbaceous 
species  began  to  level  off  after  8  years, 
and  additional  yield  will  probably  be  minor 
On  the  other  hand,  bitterbrush,  which  is 


Table  1. --Percent  of  composition  in  three  vegetal   classes  after  one  and  eight 
growing  seasons  after  thinning  ponderosa  pine 


Tree  spacing  treatments 

Classes 

Unthinned 

13  feet 

19  feet 

26  feet 

1958    1965 

1958 

1965 

1958 

1965 

1958 

1965 

Grasses  and  sedges 

40 

35 

50 

40 

67 

55 

67 

52 

Forbs 

58 

64 

46 

55 

31 

37 

30 

39 

Shrubs 

2 

1 

4 

5 

2 

8 

3 

9 

much  slower  to  respond  to  tree  thinning 
than  the  herbaceous  species,  continues 
its  upward  climb. 

There  are  no  published  yield  data 
on  forage  species  planted  in  ponderosa 
pine  thinnings.     There  is,  however,    an 
■excellent  summary  by  Schwendiman  (17  ) 
of  information  gleaned  from  species  adapt- 
ability trials  on  forested  rangelands  of  the 
Northwest,  including  seedings  made  in 
forest  burns.    An  article  by  McClure  (11) 
on  grass  seedings  in  lodgepole  pine  burns 
on  the  Okanogan  National  Forest  in  central 
Washington  has  also  been  published. 


These  trials  identify  several  grasses 
and  grass-legume  mixtures  that  could  be 
expected  to  yield  1,000-1,400  pounds  per 
acre  dry  herbage  or  approximately  1  animal 
unit  month  of  utilizable  forage  per  acre 
per  year  starting  in  the  third  year  after 
seeding.    Where  seedings  were  made  in 
areas  formerly  occupied  by  trees,  trees 
[were  allowed  to  reinvade  and  dominate  the 
site.    Thus,  we  have  no  evidence  from 
^hlch  we  can  project  an  estimate  of  per- 
sistence of  planted  forage  species  over 
time.    Therefore,  we  assume  that  produc- 
tion of  planted  forage  will  not  diminish  over 
a  90-  to  100-year  pine  rotation  if  the  follow- 
ng  conditions  are  met:    (1)  species  are 
hosen    with    proper    regard    to     site 


adaptability,   (2)  grazing  is  not  permitted 
until  the  third  year  and  then  only  at  a 
rate  that  will  not  result  in  overgrazing, 
and  (3)  tree  basal  area  is  kept  at  80  to  90 
square  feet  per  acre  by  periodic  thinning. 

EFFECT  OF  FORAGE  ON 
TIMBER  YIELDS 

The  interactions  between  timber 
overstories  and  vegetation  understories 
are  complex  and  not  completely  understood. 
However,  our  knowledge  is  growing  rapidly 
from  recent  studies  reported  by  Gordon  (7), 
Youngberg  (20),  and  McConnell  and  Smith 
{13  ),  and  we  now  suspect  that  a  situation 
that  is  undesirable  in  one  plant  community 
may  not  be  so  in  another.     In  a  study  on 
thinning  by  Barrett  (2)  in  the  pine-shrub 
area  of  central  Oregon,  bitterbrush,  snow- 
brush  ceanothus  {Ceanothus  velutinus), 
and  greenleaf  manzanita  { Arctostaphylos 
patula  )  rapidly  occupied  additional  grow- 
ing space  available  from  thinning  and  were 
highly  competitive  with  tree  growth  for  soil 
moisture.     Thus  the  understory  provided 
competition  similar  to  removed  trees  and 
almost  nullified  thinning  effects. 

EFFECT  OF  FOREST  PESTS 
ON  TIMBER  YIELDS 

Timber  yields  are  projected  on  the 
basis  of  results  of  a  study  in  natural,  dense, 
and  unthinned  control  stands,   and  thinned 


natural  stands  with  densities  similar  to 
the  three  used  in  this  study. 

We  can  predict  the  impact  of  disease 
and  insects  in  dense  unthinned  stands  that 
are  protected  from  fire.    We  cannot,  how- 
ever, predict  what  will  happen  to  thinned 
stands  of  ponderosa  pine,  because  we  have 
not  had  thinned  stands  long  enough  in  the 
Pacific  Northwest.     Therefore,  in  this 
study,  only  anticipated  mortality  from 
insects  in  the  unthinned  stand  are  applied 
to  projected  yields.     Yields  are  reduced 
according  to  the  best  available  estimates 
of  what  would  happen  in  this  type  of 
stand.  -^/ 

The  presence  of  dwarf  mistletoe  in 
pine  stands  in  the  Pacific  Northwest  has 
long  been  recognized  and  its  impact  on 
mature  trees  was  recently  quantified  (4); 
however,  the  devastating  impact  on  under- 
story  reproduction  was  recognized  only 
recently  (18  ).    Past  practice  was  the 
removal  of  infected  overstory  and  sanita- 
tion of  the  understory  by  thinning  and 
pruning.    Results  have  been  discouraging, 
so  National  Forest  practice  now  is  to  har- 
vest the  infected  overstory,  destroy  the 
infected  understory,  and  plant  new  stock. 
The  presence  of  dwarf  mistletoe,  then, 
would  dictate  that  we  start  over  with 
planted  stock. 

EXPERIMENT  DESIGN 
AND  METHODS 

Three  timber  management  regimes 
are  proposed  for  the  remainder  of  the 
present  rotation  for  each  of  three  stocking 
levels  that  result  from  different  intensities 
of  precommercial  thinning  at  age  47.     The 
first  regime  is  a  clearcut  at  age  77  years 
(30  years  after  the  precommercial  thinning). 
The  second  is  a  commercial  thinning  at 
age  77  years  and  a  clearcut  at  age  97  years 


'As  formulated  by  Sartwell  {14). 


(50  years  after  the  precommercial  thinning). 
The  third  is  a  commercial  thinning  at  age 
77  years,  a  shelterwood  cut  at  age  97  years, 
and  an  overstory  removal  at  age  102  years 
(55  years  after  the  precommercial  thinning). 
Growth  of  this  47-year-old  stand  was  pro- 
jected forward  in  time  using  observed 
growth  from  age  47  to  57  and  by  applying 
growth  observations  from  other  studies 
for  ages  57  to  102  years  (2_,5). 

These  nine  regimes  assume  no  added 
investment  in  forage  production.      By 
assuming  that  forage  is  planted  immediately 
after  the  precommercial  thinning  in  each 
of  the  foregoing  regimes,  nine  more  re- 
gimes are  created.    A  19th  regime  involved 
clearcutting  the  stagnated  stand    imme- 
diately at  age  47  (instead  of  precommer- 
cially  thinning  it)  and  planting  a  new  stand. 
Three  additional  regimes  on  unthinned 
stagnated  stands  are  to  clearcut  at  age  77 
years,  to  clearcut  at  97  years,  and  to 
shelterwood  cut  at  97  years  with  an  over- 
story removal  at  102  years.    These  are 
the  control  regimes;  they  indicate  what  is 
expected  of  stagnated  stands  if  no  thinnings 
occur;  and  they  are  a  base  for  comparison 
with  the  thinning  regimes. 


ECONOMIC  MODEL 

Present  net  worth  (  PNW )  and  internal 
rate  of  return  ilROR)    are  two  economic 
measures  of  investment  efficiency.     PNW 
is  the  present  or  discounted  value  of  future 
benefits  minus  the  present  value  of  future 
costs.    To  determine  the  present  value  of 
a  future  cost  or  benefit,  one  must  discount 
it  to  the  present  at  some  interest  rate,  i . 

This  may  be  expressed  as:    present 
value  of  a  cost  (  PVo )  equals  the  cost  that 
occurs  in  year  t,  C ,  ,  divided  by  (1  +  t)*. 
The  interest  rate  is  expressed  in  decimal 
form;  or  more  simply,  pVa   ~  C-^-Zil  +  z)^. 


Likewise,  the  pre  sent  value  of  a  re- 
turn, PVr,  is  expressed  as :  pyr  =i?^/(l  +  z)  . 
Therefore,  thePA^Vof  the  costs  and  returns 
that  occur  in  year  t  is: 


R 


PNW  = 


t 


C, 


(1  +  i) 


(1  +  i) 


It  follows  that  the  PNW  of  a  series  of  costs 
and  returns  is  represented  as: 


i? 


PNW   = 


t 


C, 


t=0    (1  +  i)^        t=0    (1  +  i)^ 


when  n  is  the  number  of  years  in  the 
investment  series. 

The  IROE   is  simply  the  interest  rate 
which  equates  discounted  returns  to  dis- 
counted costs,  i.e. ,  the  rate  that  results  in 
a  PNW  of  zero.    The  IROR  is  equal  to  i  when: 


R, 


C, 


t=0      (1  +  i)^  t=0    (1  +  i)^ 


We  calculated  both  the  PNW  and  EROR 
for  all  the  management  regimes  three  times: 
once  based  on  timber  returns  only,  again 
for  timber  and  forage  returns,  and  finally 
for  timber  and  forage  returns  including  the 
allowable  cut  effect.    We  have  ranked  the 
management  regimes  by  PNW  since  this 
criterion  is  more  useful  than  IROR  when 
the  investment  alternatives  are  mutually 
exclusive  events  (19). 

Rotation  ages  of  the  present  manage- 
ment regimes  vary  from  77  to  102  years. 
The  present  values  of  costs  and  returns  are 
adjusted  to  put  them  on  a  common  time  basis. 
We  accomplished  this  by  arbitrarily  assum- 
ing that  the  same  (presumably  optimal)  man- 
agement regime  would  be  put  into  effect  at 
the  end  of  the  present  rotation  for  all  man- 
agement regimes  and  that  it  would  be  con- 
tinued in  perpetuity  (see  figure  6  for  a  sche- 
matic diagram  of  the  investment  period. ) 


Figure  6.— Schematic  diagram  of  the  investment  period  for  the  ponderosa  pine  thinning  analysis. 
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-     The  same  (presumably  optimal)  management  regime  will  go  into  effect  at  the  end  of  all 
present  rotations  and  continue  in  perpctuit>  . 


The  PNW  of  each  management  regime  can  be  expressed  as: 


PNW  = 


Present  value  of  returns  - 
present  value  of  costs 
generated  during  the  years 
remaining  in  the  present 
rotation 


Present  net  worth  of  per- 
petual series  of  subsequent 
management  regimes  (begin- 
ning 30  to  55  years  in  the 
future) 


When  an  interest  rate  is  used  that 
approximates  the  rate  charged  to  the 
Federal  Government  to  borrow  funds  (the 
guiding  rate  of  return),  presently  5  to  6 
percent,  and  the  allowable  cut  effect  is  not 
included  in  the  economic  analysis,  the  PNW 
of  all  alternatives  is  negative.      This 
means  that  the  regimes  with  a  negative 
PNW  earned  less  than  5  percent. 

In  our  analysis  we  are  dealing  with 
a  constrained  decision.      We  start  with  a 
47-year-old  stand  that  is  essentially  stag- 
nated.   Our  alternatives  are  limited  to 
either  modifying  the  stand  by  thinning 
(including  eradication  of  all  stems)  or 
leaving  it  unchanged.      So  we  are  dealing 
with  marginal  investments.      We  must 
calculate  the  incremental  net  cash  flow 
associated  with  each  thinning  regime.    This 
is  accomplished  by  subtracting  the  PNW 
of  the  control  stand  from  the  PNW    of  each 
thinning  regime.     Costs  that  occurred  in 
the  previous  47  years  of  the  present  rota- 
tion are  sunk  costs.    They  are  beyond  our 
control;  they  are  gone.    Hence,  they  have 
no  bearing  on  the  decision  at  hand — what 
to  do  with  the  present  stand  to  insure  the 
greatest  returns  from  this  stand  of  timber 
from  this  point  on. 

ECONOMIC  INPUT  DATA 
C  KARA  C  T  E  RIST IC  S 

It  is  most  convenient  to  discuss  our 
economic  input  data  by  referring  to  two 
separate  time  periods:    the  present  rota- 
tion and  the  perpetual  series  of  future 
management  regimes.    The  latter  are 


expected  to  begin  immediately  upon  conclu- 
sion of  the  present  rotation.    All  input  data 
were  selected  after  consultation  with  forest 
administration  (including  field)  personnel. 
Let's  begin  with  the  present  rotation. 

The  precommercial  thinning,  which 
we  assumed  cost  $22  per  acre,    reduced 
stocking  from  2,300  stems  to  250  stems 
per  acre  or  less,  depending  on  the  manage- 
ment alternative.      It  also  left  a  large 
volume   of  slash  that  required  treatment 
to  reduce  fire  danger  and  promote  forage 
growth.      Without  treatment,  fire  danger 
remains  high  until  the  slash  breaks  down 
naturally,  a  process  which  requires 
several  decades  in  this  dry  climate.    In 
the  meantime,    the  slash  was  a  major 
obstacle  to  the  free  movement  of  domestic 
grazing  animals.    The  slash  also  reduced 
forage  production. 

There  are  several  ways  to  deal  with 
the  slash  that  results  from  the  initial  thin- 
ning of  stagnated  sapling  stands.      Fire 
danger  can  be  reduced  by  mechanically 
crushing  slash  with  a  "Tomahawk"  (5) — a 
brush-cutting  tool  mounted  on  the  blade  of 
a  D-6^/  crawler  tractor  (fig.  7) — but  this 
does  little  to  promote  forage  growth. 
Machine  piling  and  burning  are  more  effec- 
tive means  of  reducing  slash  and  promoting 
forage  growth  but  are  also  more  expensive 
and  may  be  judged  esthetic  ally  displeasing. 
Use  of  a  "Tomahawk"  costs  $15  to  $22  per 


*  Use   of  trade    names   does    not  constitute  endorse- 
ment by  the  U.S.  Department  ot  Agriculture. 


Figure  7.— A  'Tomahawk"  mounted  on  a 
D-6  crawler  tractor.  This  attachment 
weighs  approximately  2,700  pounds 
and  is  useful  for  crushing  slash  and 
brush. 


acre;  and  machine  piling  and  burning,  $30 
to  $60  per  acre  depending  on  stand  density 
after  thinning.    The  cost  of  both  methods 
increases  with  increasing  thinned  stand 
density  as  more  care  and  time  are  re- 
quired to  maneuver  machines  at  the 
heavier  stocking  levels. 

Other  present  rotation  costs  are: 
general  administration,  $2.  30  per  acre 
per  year;  timber  sale  administration, 
$0. 165  per  thousand  board  feet  (covers 
that  part  of  the  timber  sale  costs  not  in- 
cluded in  general  administration  costs); 
rodent  control,  $10  per  acre  (occurs  once 
during  a  rotation,  usually  during  the  first 
year  of  regeneration);  and,  when  appro- 
priate, grass  planting,  $7.50  per  acre 
(follows  the  slash  removal  operation  after 
the  precommercial  thinning). 

Now  let's  consider  future  manage- 
ment regimes.    These  regimes  outline  our 
best  expectations  of  what  timber  harvest 
plans,  including  costs  and  revenues,  will 
be.    With  clearcutting  regimes,  site  prepa- 
ration is  the  first  cost  of  the  rotation.    We 
assumed  a  conservative  $24  per  acre  for 
this  cost.    However,  depending  on  topog- 
raphy and  the  volume  of  slash  left  on  the 
ground  from  the  previous  harvest,  it  may 


cost  as  much  as  $50  to  $60  per  acre.     Site 
preparation  occurs  immediately  (year  0) 
in  the  first  rotation.     This  is  followed  by 
the  tree-planting  operation    ($20  per  acre) 
and  the  rodent  control  treatment  ($10  per 
acre)  in  the  first  year  of  the  rotation.    Two 
hundred  trees  are  planted  with  an  assumed 
survival  rate  of  80  percent. 

A  grass-legume  mixture  is  planted 
($7.  50  per  acre)  in  the  first  year.    Two 
growing  seasons  pass  before  grazing  is 
permitted.     Each  year  a  general  adminis- 
tration cost  of  $2.  30  per  acre  is  charged. 
Basal  area  is  held  at  80  to  90  square  feet 
per  acre  by  commercial  thinning  at  age 
45,  60,   and  75  years.    A  "Tomahawk" 
($15  per  acre)  is  used  to  reduce  slash  after 
each  thinning.    A  timber  sale  administra- 
tion cost  of  $0, 165  per  thousand  board  feet 
applies  to  commercial  thinnings  and  final 
harvests. 

Future  shelterwood  management 
regimes  have  similar  costs  except  that 
no  trees  are  planted  and  no  site 
preparation  is  needed.      Instead,  slash 
removal  ($26  per  acre)  follows  the 
shelterwood  cut  to  increase  the  success 
of  natural  seeding  before    overstory 
removal. 


Soil  disturbance  from  the  shelter- 
wood  harvest  and  slash  removal  benefits 
natural  seeding.    A  precommercial  thin- 
ning ($8. 50  per  acre)  at  age  10  years 
reduces  stocking  to  160  stems  per  acre. 
All  other  costs  for  the  future  shelterwood 
regimes  are  the  same  as  those  listed  for 
the  future  clearcut  regimes. 

All  costs  are  varied  in  our  analysis 
to  determine  the  sensitivity  of  the  final 
results  to  these  cost  assumptions. 

Revenue  from  both  future  clearcut 
and  shelterwood  regimes  are  based  on  a 
range  of  stumpage  prices  including  $20, 
$30,  and  $40  per  thousand  board  feet. 
Each  stumpage  price  represents  a  sepa- 
rate analysis  (i.e.,    stumpage  price  is 
constant  in  any  one  analysis).    Thinnings 
and  final  harvests  use  the  same  value  per 
thousand  board  feet.    Forage,  both  natural 
and  planted,    is  valued  at  zero,    $0.70, 
$1.25,  $2.50,  $3.75,  and  $4.  50  per  animal 
unit  month  in  separate  analyses.    However, 
values  of  zero  through  $1.  25  receive  the 
most  attention  as  they  more  closely  repre- 
sent current  and  expected  forage  charges 
on  National  Forests. 

Nonmarket  considerations,  such  as 
soil  stabilization  benefits  from  planted 
forage,  the  social  costs  associated  with 
smoke  from  slash  burning,  esthetics,  and 
the  effects  on  wildlife  habitat,  all  vary 
with  the  management  regimes  but  are  not 
included  in  the  present  analyses.    However, 
we  recognize  that  occasionally  nonmarket 
considerations  may  outweigh  the  economic 
factors  and  become  the  determining 
influence  in  a  decision. 

RESULTS 

RETURNS  FROM  TIMBER 

Economic  returns  from  timber,    in 
stands  that  were  precommercially  thinned 


at  age  47  years  and  from  control  stands, 
are  determined  by  assuming  that  all  other 
forest  resources  are  nonmarketable 
products.      In  the  timber  analysis,  it  is 
assumed  no  forage  is  planted.    Natural 
forage  is  ignored  because  we  are  con- 
cerned with  differences  among  manage- 
ment alternatives;  natural  forage  is 
assumed  constant. 

In  general,  thinning  stands  with 
2,300  stems  per  acre  to  stocking  levels 
of  250,   125,  or  62  stems  per  acre,    is 
unattractive  when  judged  only  on  economic 
returns  from  timber.      This  is  shown  in 
table  2  (column  5)  where  PNW    values 
(based  on  a  5-percent  discount  rate)  are 
negative  for  every  management  regime 
following  precommercial  thinning;  i.e., 
all  regimes  earn  less  than  5  percent  on 
funds  invested  in  precommercial  thinning. 

P/l/f/  values  in  tables  2  and  3  represent 
the  marginal  returns  associated  with  funds 
invested  in  each  thinning  regime.    These 
values  were  determined  by  subtracting  the 
present  net  worth  of  the  appropriate  control 
stand  from  the  present  net  worth  of  each 
thinning  regime.    A  negative  FN]^  value  for 
a  management  regime  represents  the  amount 
of  dollars  we  would  lose  per  acre  by  investing 
in  that  regime  if  carrying  charges  on  invest- 
ments were  5  percent  each  year. 

Present  net  worth  values  in  table  2 
are  based  on  our  most  optimistic  stump- 
age price  ($40  per  thousand  board  feet 
and  a  precommercial  thinning  cost  of  $22 
per  acre).   When  the  latter  was  reduced 
to  $16.  50  per  acre  and  when  the  "Toma- 
hawk" was  used  to  treat  slash  instead  of 
the  machine  piling  and  burning  operation, 
the  result  was  a  negligible  increase  in 
the  economic  return. 

RETURNS  FROM  TIMBER  AND  FORAGE 

Economic  returns  from  timber  and 
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Table  2. --Timber  yields  and  present  net  worth  from 
timber  for  10  management  regimes 


Ranking  (based 
on  present 

Management 

regime 

Stocking 
(after  initial 

MAli'' 

Present  „/ 

net  worth) 

thinni 

ng) 

net  worth- 

Trees  per 

acre 

Board  feet 

Dollars 

1 

Clearcut  at  age 

77  years 

62 

67 

-15.16 

2 

Clearcut  at  age 

97  years 

125 

152 

-17.48 

3 

Shel terwood 

62 

126 

-18.84 

4 

Shel terwood 

125 

154 

-19.15 

5 

Clearcut  at  age 

77  years 

125 

75 

-19.46 

6 

Clearcut  at  age 

97  years 

62 

115 

-19.59 

7 

Clearcut  at  age 

97  years 

250 

132 

-40.06 

8 

Shel terwood 

250 

133 

-40.19 

9 

Clearcut  at  age 

77  years 

250 

52 

-52.05 

10 

Clearcut  (noncommercial) 

at  age  47  yec 

irs  and 

plant  new  stand 

■"■ 

0 

-59.23 

—    Mean  annual    increment   in  present  rotation. 


-    PNW  values  are  based  on  a   5-percent  discount  rate  and  reflect  the  PNW  of 
various  regimes     after  precommercial    thinning  less   the  PNW  of  the  appropriate 
control    regime. 


forage  in  stands  precommercially  thinned 
at  age  47  years,  and  from  control  stands, 
assume  forage  was  planted  immediately 
after  precommercial  thinning. 

Timber  and  forage  returns  from 
thinned  stands  are  greater  than  those 
earned  by  timber  only,  but  they  are  still 
less  than  the  guiding  rate  of  return  (see 
column  5,  table  3,  where  no  regime  has 
a  positive  PNW  value  when  the  discount 
rate  is  5  percent).      Note  that  the  four 
highest  ranking  regimes  based  on   PNW 
of  timber  and  forage   (table  3,  column  5) 
are  also  the  highest  ranking  regimes  in 
table  2  which  is  based  on  timber  only. 
These  returns  are  determined  by  using  a 


stumpage  value  of  $40  per  thousand  board 
feet,  one  of  the  higher  forage  values  ($1.25 
per  animal  unit  month)  presently  found  on 
National  Forests  in  the  pine-grass  region 
(13),  and  a  precommercial  thinning  cost  of 
$22  per  acre.      Reducing  the  precommer- 
cial thinning  cost  to  $16.  50  per  acre  has 
a  negligible  effect  on  the  returns. 

IMPACT  OF  THE  ALLOWABLE 
CUT  EFFECT 

The  allowable  cut  effect  was  defined 
earlier  as  "the  immediate  increase  in 
today's  allowable  cut  which  is  attributable 
to  expected  future  increases  in  yields.  " 
Schweitzer  et  al.   (16)  discussed  some  of 
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jable  3. --Timber  and  forage  yields  and  present  net  worth  from  timber  and  forage  for 
22  management  regimes  with  and  without  the  allowable  cut  effect 


Management  regime 

Stocking  after 

initial 

thinning 

Planted 
forage 

Present  net  worth^/ 

-   MAll/ 

Annuiii' 

forait 

produc-j 

Ranking-' 

Without 

With 

ACE 

ACE 

Trees  per  acre 

Dollars 

Board  feet 

AUM'i' 

1 

Clearcut  at 

age  97 

years 

125 

yes 

-6.36 

111.90 

152 

1.0 

2 

Clearcut  at 

age  77 

years 

62 

yes 

-7.28 

37.20 

67 

1.0 

3 

Shelterwood 

62 

yes 

-7.54 

76.42 

126 

1.0 

4 

Shelterwood 

125 

yes 

-7.85 

99.97 

154 

1.0 

5 

Clearcut  at 

age  97 

years 

62 

yes 

-8.47 

69.52 

115 

1.0 

6 

Clearcut  at 

age  77 

years 

125 

yes 

-11.59 

40.11 

75 

1.0 

7 

Clearcut  at 

age  77 

years 

62 

no 

-11.99 

32.50 

67 

i/.3 

8 

Clearcut  at 

age  97 

years 

125 

no 

-13.57 

104.69 

152 

i/.3 

9 

Shelterwood 

52 

no 

-14.86 

68.91 

126 

i/.3 

10 

Shelterwood 

125 

no 

-15.20 

92.43 

154 

i/.3 

11 

Clearcut  at 

age  97 

years 

62 

no 

-15.65 

62.33 

115 

i/.3 

12 

Clearcut  at 

age  77 

years 

125 

no 

-16.32 

35.38 

75 

i/.3 

13 

Shelterwood 

250 

yes 

-28.89 

60.38 

133 

1.0 

14 

Clearcut  at 

age  97 

years 

250 

yes 

-28.94 

67.86 

132 

1.0 
i/.l 

15 

Shelterwood 

control  stand 

(5/) 

no 

-30.78 

-30.78 

39 

16 

Clearcut  control  s 

tand 

at  97  yec 

irs 

(5/) 

no 

-34.36 

-34.36 

33 

i/.l 

17 

Clearcut  at 

age  97 

years 

250 

no 

-36.92 

59.88 

132 

4/.  2! 

18 

Shelterwood 

250 

no 

-37.02 

52.05 

133 

i/.2i 

19 

Clearcut  control  s 

tand 

A    / 

at  age  7/ 

'  years 

(5/) 

no 

-37.47 

-37.47 

15 

i/.l 

20 

Clearcut  at 

age  77 

years 

250 

yes 

-44.18 

-12.63 

52 

1.0 

21 

Clearcut  at 

age  47 

years2./ 

-- 

— 

-47.43 

-- 

0 

— 

22 

Clearcut  at 

age  77 

years 

250 

no 

-49.47 

-17.93 

52 

4/_2i 

—  Based  on  present  net  worth  (PNW)  without  allowable  cut  effect  (ACE). 

2/ 

—  Present  net  worth  values  are  based  on  a  5-percent  discount  rate.  A  negative  value  indicates  that 

a  5-percent  return  is  not  earned. 

—'    Mean  annual  increment  in  present  rotation. 

2.'   Natural  forage  yields  reach  this  level  by  the  10th  year  after  the  release  of  the  stagnated  stand 
and  then  level  off. 

£'  Unthinned. 

2.'  Clearcut  stagnated  stand   (noncommercial)   at  age  47  years  and  plant  a  new  stand. 


the  physical  and  economic  ramifications 
of  the  allowable  cut  effect  and  listed  the 
following  items  to  define  the  decision- 
making situation  that  is  necessary  for  an 
allowable  cut  effect  to  occur. 

1.  The  forest  manager  must  calcu- 
late an  allowable  cut  and  must  actually 
harvest  that  volume. 

2.  The  allowable  cut  must  be  based 


on  volume  regulation. 

3.  The  allowable  cut  must  be  depen- 
dent upon  the  rate  of  growth  of  trees  in 
the  management  unit. 

4.  There  must  be  available  a  re- 
serve of  merchantable  timber. 

One  might  ask,   "Why  should  we 
consider  the  allowable  cut  effect  in  this 
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analysis?"    This  question  can  be  answered 
best  by  restating  the  purpose  of  this  paper: 
to  develop  management  guidelines  for  allo- 
cating a  budget  within  the  constraints  of 
a  regulated  harvest — which  is  certainly  the 
case  where  the  allowable  cut  effect  is  rele- 
vant.   The  allowable  cut  effect  is  relevant 
to  the  present  management  of  National 
Forest  land  in  the  pine-grass  region — the 
allowable  cut  is  dependent  on  the  rate  of 
tree  growth  and  is  normally  based  on 
volume  regulation,  there  is  an  abundance 
of  mature  timber  available  for  harvest, 
and  there  is  usually  no  problem  marketing 
the  timber  offered  for  sale.     Hence,  if 
additional  timber  were  rationalized  for 
harvest  by  the  allowable  cut  effect  and  if 
it  were  offered  for  sale,  no  problem  in 
marketing  it  would  be  expected. 

How  is  the  "immediate  increase  in 
today's  allowable  cut"  applied  in  stands 
like  those  described  in  this  study?    Con- 
sider, for  example,  a  4 7- year- old  ponder- 
osa   pine  stand  with  2,300  stems  per  acre. 
Without  management,  this  stand  would 
yield  about  3,  200  board  feet  per  acre  in 
50  years.     Many  nontreated  sapling  stands 
with  this  approximate  age  (47  years)  and 
yields  (3,  200  board  feet  at  rotation  age) 
are  included  in  data  used  to  calculate  the 
present  allowable  cut.     If  this  stand  is 
precommercially  thinned  to  125  stems  per 
acre  at  age  47  years  and  commercially 
thinned  to  90  stems  per  acre  at  age  77 
years,  it  would  yield  about  14,  740  board 
feet  per  acre  at  the  end  of  the  rotation — a 
gain  of  11,  540  board  feet  over  50  years. 

If  the  allowable  cut  effect  is  recog- 
nized, instead  of  waiting  50  years  and  then 
absorbing  all  of  the  increase  in  1  year,  the 
expected  gain  is  spread  equally  over  50 
years.    Therefore,  the  allowable  cut  effect 
for   each    year  remaining  in  the  present 
rotation  would  be  approximately  230  board 
feet  (11,  540  board  feet  per  50  years)  for 
each  acre  of  stagnated  forest  that  was 
brought  under  management. 


On  a  cash  flow  basis,  if  we  value 
stumpage  at  $40  per  thousand  board  feet, 
this  allowable  cut  effect  of  230  board  feet 
per  year  for  50  years  is  the  same  as  an 
annuity  of  $9.20  (=  $40  x  0.230  thousand 
board  feet)  for  the  same  period  for  each 
treated  acre.    The  result  of  adding  such 
an  annuity  to  the  economic  analysis  of 
joint  returns  is  evident  in  table  3,  by  com- 
paring columns  5  and  6. 

RETURNS  FROM  FORAGE 
AND  TIMBER  WITH  THE 
ALLOWABLE  CUT  EFFECT 

When  the  allowable  cut  effect  is 
included  in  the  economic  analysis  of  timber 
and  forage  yields,  returns  from  nearly 
three-fourths  of  the  management  regimes 
exceed  the  guiding  rate  of  return  (table  3, 
column  6).     The  highest  return  is  earned 
by  a  clearcut  regime  with  125  stems  per 
acre  (after  precommercial  thinning)  that 
is  commercially  thinned  at  age  77  years 
and  clearcut  at  age  97  years.    Returns 
from  all  regimes  are  based  on  $40-^er- 
thousand-board-foot-stumpage,  $1.  25-per- 
AUM-forage,  and  a  precommercial  thinning 
cost  of  $22  per  acre. 

When  the  cost  of  the  precommercial 
thinning  is  reduced  to  $16,50  per  acre, 
the  returns  from  all  regimes  increase 
negligibly. 

In  this  analysis,  the  allowable  cut 
effect — the  immediate  increase  in  annual 
allowable  cut — results  from  the  expected 
future  increase  in  yields  that  are  attributed 
to  the  precommercial  thinning  of  the  over- 
stocked stands.—      Therefore,  the  three 
control  (unthinned)  alternatives  are  not 
affected  by  the  allowable  cut  effect. 


^In  1966,  Flora  (6)  described  the  effect  on  allov.-able 
cut  that  results  from  precommercial  thinning  in 
ponderosa  pine  stands. 
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The  influence  of  the  allowable  cut 
effect  on  economic  returns  from  invest- 
ments in  thinning  these  overstocked 
stands  is  apparent  in  figure  8  and  in 
columns  5  and  6  of  table  3. 

Clearcuts  at  age  77  years  are  always 
low- ranked  regimes  when  the  allowable 
cut  effect  is  considered.    Note  that  a  pre- 
commercial  thinning  to  250  trees  per  acre 
followed  by  a  clear  cut  in  30  years  (age  77 


years)  produces  a  smaller  return  when 
the  allowable  cut  effect  is  not  included 
than  clearcutting  the  stagnated  control 
stand  at  either  age  77  or  97  years  (see 
column  5  in  tables  2  and  3).     This  occurs 
because  the  discounted  value  of  the 
increased  growth,  in  the  30  years  follow- 
ing the  precommercial  thinning,  is  less 
than  the  cost  of  the  precommercial  thin- 
ning which  is  incurred  immediately  and 
cannot  be  discounted. 
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62 


Number  of  trees  per  acre  after  precommercial  thinning 

Figure  8.— Present  net  worth  based  on  a  5-percent  discount  rate  for  a 
shelterwood  regime  and  a  clearcut  regime  for  timber,  timber  and 
forage,  and  forage  and  timber  with  the  allowable  cut  effect  at  three 
stocking  levels. 
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SUMMARY 

This  analysis  is  a  "first  step" 
approach  to  thinning  guides.      It  is 
limited  to  stagnated  sapling  stands;  how- 
ever, it  points  out  the  need  for  further 
research  on  this  topic. 

Management  regimes  have  been 
ranked  by  their  economic  returns  from 
timber  and  timber  and  forage,  with  and 
without  the  allowable  cut  effect  (tables  2 
and  3).      What  can  we  learn  from  these 
rankings?     Are  they  a  positive  step  in 
the  development  of  thinning  guides  for 
the  overstocked  ponderosa  pine  stands? 
Several  points  stand  out. 

PRECOMMERCIAL  THINNING 
ATTRACTIVE  INVESTMENT 
WHEN  THE  ALLOWABLE  CUT 
EFFECT  IS  APPLICABLE 

Economic  returns  from  funds  in- 
vested in  precommercial  thinning  easily 
exceed  the  guiding  rate  of  return  (5  percent) 
when  the  allowable  cut  effect  is  applicable. 
When  the  allowable  cut  effect  is  not  included, 
funds  invested  in  precommercial  thinning 
earn  less  than  the  guiding  rate  of  return. 

BEST  ECONOMIC  RETURNS 
FROM  125  TREES  PER  ACRE 

Of  the  three  stocking  levels  (250, 
125,   and  62  trees  per  acre),  the  125-trees- 
per-acre  level  generally  produces  greater 
economic  returns  than  the  250-  or  the 
62-trees-per-acre  level.      This  is  espe- 
cially true  when  the  allowable  cut  effect  is 
considered.      When  it  is  not  considered, 
the  125-  and  62-trees-per-acre  stocking 
levels  exhibit  similar  economic  returns. 
However,  this  does  not  mean  that   125 
trees  per  acre  is  the  most  desirable  level 
of  stocking.    Some  untried  (in  this  analysis) 
stocking  level  on  either  side  of  this  level 
may  produce  greater  joint  returns  from 


timber  and  forage,  either  with  or  without 
the  allowable  cut  effect. 

LOWEST  ECONOMIC  RETURNS 
FROM  250  TREES  PER  ACRE 

The  250-trees-per-acre  level  con- 
sistently produces  lower  economic  returns 
than  the  other  two  levels.      Apparently, 
this  stocking  level  is  still  too  heavy  to 
produce  substantial  growth  response 
from  a  stagnated  stand. 

CLEARCUTS  RANK  HIGHER 
THAN  SHELTER  WOOD  CUTS 

In  general,  economic  returns  from 
clearcut  regimes  rank  higher  than  shelter- 
wood  cuts  in  stands  with  similar  stocking 
both  with  and  without  the  allowable  cut 
effect.     However,  the  best  shelterwood 
regime  ranl<;s  a  close  second  to  the  best 
clearcut  regime.     When  the  allowable  cut 
effect  is  considered  for  regimes  with  125 
trees  per  acre,    both  with  and  without 
planted  forage,  the  clearcut  (at  age  97 
years)  regime  produces  the  greatest 
return  on  investment,    followed  by  the 
shelterwood  regime. 

PLANTING  FORAGE  INCREASES 
JOINT  ECONOMIC  RETURNS 

Planting  forage  increases  joint 
economic  returns  from  timber  and 
forage.     The  amount  of  increase,  both 
without  and  with  the  allowable  cut  effect, 
can  be  seen  in  table  3,  columns  5  and  6. 
For  example,  compare  rankings  number 
1  and  8,  which  are  the  same  except  that 
one  has  planted  forage.      Without  the 
allowable  cut  effect,  planting  forage 
increased  PNW   (assuming  a  5-percent 
discount  rate)  from  $-13.57  to  $-6.36, 
and  with  the  allowable  cut  effect,  from 
$104.69  to  $111.  90.     Likewise,  com- 
pare rankings  2  and  7,  3  and  9,  4  and 
10,  etc. 
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Do  these  increases  in  -PM*/  mean  one  may  conclude  that  the  returns  from 

that  planting  forage  "pays"  or  are  they  forage  exceed  the  cost  of  planting  forage 

negligible?    The  decision  hinges  on  a  (assuming  a  5-percent  discount  rate), 

marginal  analysis  of  the  costs  and  returns  but  one  cannot  make  a  decision  as  to  how 

associated  with  the  planting  and  utilization  well  planting  forage  "pays"  without   a 

of  forage  as  outlined  elsewhere  by  Sassa-  marginal  analysis  of  the  costs  and  returns 

man  (i5).     Therefore,  in  the  present  study,  associated  with  planting  forage. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


II 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  -  as  directed  by  Congress  -  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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ABSTRACT 

The  photo  intensity,    or  number  of  aerial  photos 
per  unit  of  land  surface,    was  examined  for  six  Agricultural 
Stabilization  and  Conservation  Service  photo  projects  in 
western  Oregon  and  Washington.     On  each  of  the  six  projects, 
lands  that  were  primarily  nonforest  were  found  to  have  more 
photos  per  unit  of  area  than  did  the  forest  lands.     Overall, 
photo  intensity  averaged  4.  1   percent  greater  on  nonforest 
than  forest  areas.     This  suggests  a  serious  source  of  bias 
in  any  forest  inventory  using  photo  plots  with  an  equal  number 
of  plots  per  photo.     There  was  no  evidence  that  this  difference 
in  photo  intensity  was  associated  with  elevation  differences. 
The  problem  can  be  avoided  by  transferring  plot  locations 
from  maps  to  photos. 

Keywords:    Aerial  photography,    forest  surveys,    photography. 


INTRODUCTION 

Extensive  forest  inventories  often  use  information  from  plots  located  on 
aerial  photographs.     Where  the  features  of  interest  are  easily  recognized  on 
the  photos,    the   survey  may  be  done  entirely  by  photo  interpretation  with  no 
ground  checking.     Such  a  procedure  has  been  recommended  for   surveys  to  esti- 
mate the  acreage  in  logging  roads  (11).     Where  the  features  of  interest  are 
subject  to  photo  interpretation  error,    the   sampling  design  usually  calls  for 
field  checking  a  portion  of  the  photo  plots  in  order  to  adjust  for  these  errors, 
a  procedure  known  as  double   sampling.      This  is  the  method  most  commonly 
used  by  U.S.    Government  agencies  for  extensive  forest  inventories.      It  is  also 
used  to  some  extent  in  Canadian  forest  inventories  and  in  other  parts  of  the 
■world. 

Foresters  have  long  been  aware  that  information  obtained  from  aerial 
photos  runs  the  risk  of  being  biased  because  the  photos  seldom  picture  land 
areas  in  their  true  proportions.      This   risk  of  bias  can  be  avoided  if  the   sample 
plot  locations  are  first  chosen  on  a  map,    then  transferred  to  the  photos  by 
radial  line  or   stereoplotter  instruments,    or  it  can  be   reduced  by  using  a  con- 
trolled mosaic.      However,    these  processes  are  time  consuming  and  expensive, 
and  there  is  a  tendency  to  gravitate  to  the  much  easier  method  of  locating  the 
same  number  of  plots  on  each  contact  print  by  means  of  a  transparent  grid,    or 
by  printing  the  plots  on  the  photos. 

As  yet,   there  has  been  no  complete  evaluation  made  of  all  the  sources  of 
bias  inherent  in  such  a  procedure.      Two  studies   (10 ,    16)  of  bias  caused  by 
change  of  photo  scale  in  rough  country  have  concluded  that  the  problem  is 
apparently  not  serious.      The  literature  contains   several  recommendations  for 
overcoming  the  possible  bias  from  scale  change,    including  keeping  the  plots  at 
or  near  the  photo  centers  (16);  using  radial  line  methods  to  locate  plot  clusters 
on  stereopairs   (1,    7);  and  adjusting  the  initial  photo  plot  count  for  elevation 
differences  (5,    12,    13). 

As  a  result,    the  inventory  forester  will  find  little  in  the  existing  literature 
to  discourage  him  from  locating  his  plots  on  the  photos  with  a  systematic  grid 
which  produces  the  same  number  of  plots  on  each  photo.      The  consensus  in 
current  references  (2,    2,    4,    6,    9,    14,    15)  is  that  this  procedure  is  unbiased 
as  long  as  variations  in  ground  elevation  are   small  in  relation  to  flying  height. 
If  the  terrain  is   rough,    opinion  is  divided.      Some  authorities  suggest  that  the 
method  is  acceptable  even  when  the  topographic   range  is  a  substantial  portion 
of  the  flying  height.     Others  warn  about  the  risk  of  bias  from  scale  change  but 
suggest  that  this   risk  can  be  eliminated  by  one  of  the  recommended  adjustment 
procedures. 


However,    there  is  another  source  of  bias  in  photo  plot  sampling  that  has 
not  been  given  the   recognition  it  deserves.      This  bias  is  caused  by  the  fact  that 
the  photos  in  a  given  project  are  seldom  uniformly  distributed  over  the  earth's 
surface.     If  a  photo  index  map  or  mosaic  is  examined,    it  will  be  seen  that  there 
are  usually  variations  in  the  spacing  between  photos  along  and  between  flight 
lines.      Often  extra  partial  flight  lines  are   spliced  in  to  cover  areas  of  insuffi- 
cient sidelap.     As  a  result,    the  photo  intensity,    or  number  of  photos  per  unit 
of  land  area,    varies  from  place  to  place  within  the  project  area. 

If  plot  locations  are  chosen  at  random  on  the  photos,    or  systematically 
by  taking  the   same  number  of  plots  on  each  photo,    then  the  plots  will  tend  to  be 
concentrated  in  those  areas  where  photo  intensity  is  greatest,    and  conditions 
present  in  those  areas  will  be  sampled  at  a  higher  rate  than  the  remaining  areas. 
This  situation  can  occur  in  photo  projects  over  flat  terrain  as  well  as  rough 
country,    and  the  procedures  for  eliminating  bias  due  to  photo  scale  change  do 
not  necessarily  correct  for  bias  caused  by  variations  in  photo  intensity.     It  is 
important  to  recognize  that  any  bias  caused  by  nonuniform  photo  distribution 
can  be  in  addition  to  the  bias  that  may  result  from  elevation  change.     And  such 
bias  is  not  removed  by  the  field  checks  made  in  a  double- sampling  procedure. 
Thus,    the  threat  of  bias  from  nonuniform  photo  intensity  is  present  in  any 
inventory  that  locates  equal  numbers  of  plots  on  each  aerial  photo  or  at  random 
on  the  photos. 

Many  inventory  foresters  have  recognized  this   source  of  bias  and  have 
devised  schemes  for  minimizing  it.      However,    the  fact  that  it  has  not  been 
adequately  recognized  in  the  existing  literature,    and  that  many  inventories  still 
ignore  it,    suggests  that  there  is  a  need  to  call  attention  to  it. 


OBJECTIVES 

In  order  to  get  some  idea  of  the  magnitude  and  consistency  of  this   source 
of  bias  in  some  typical  aerial  photo  projects,    a  cooperative  study  was  under- 
taken by  the  Pacific  Northwest  Forest  and  Range  Experiment  Station,    U.S. 
Forest  Service,    and  the  School  of  Forestry,    Oregon  State  University.     Its 
purpose  was  to  measure  the  uniformity  of  photo  spacing  or  photo  intensity  and 
to  determine  if  variations  in  intensity  were  related  to  the  major  land  class 
breakdown  of  forest-nonforest  or  to  ground  elevation.     These  results  would 
provide  a  basis  for  estimating  the  amount  of  bias  that  might  be  expected  in  a 
forest  inventory  based  on  equal  numbers  of  plots  located  on  each  photo. 

The  breakdown  of  forest  and  nonforest  was  chosen  because  it  is  a  critical 
one  in  any  forest  inventory.      If  all  photo  plots  are  given  equal  weight,    but  forest 
and  nonforest  plots  have  unequal  probabilities  because  of  nonuniform  photo 
intensity,    then  the  estimates  of  forest  and  nonforest  acreage  will  be  biased. 
All  other  inventory  statistics,    even  those  that  come  only  from  the  field   plots, 
will  also  run  the  risk  of  being  biased.      Any  relationship  between  photo  intensity 
and  ground  elevation  would  also  be  likely  to  bias  most  of  the  inventory  estimates, 
because  such  forest  characteristics  as  species  type,    site  index,    stand  volume, 


and  growth  tend  to  be  associated  with  elevation.     A   second  reason  for  the 
interest  in  elevation  is  that  it  might  explain  any  differences  in  photo  intensity 
between  forest  and  nonforest  lands.      That  is,    a  difference  in  average  photo 
intensity  between  forest  and  nonforest  lands  might  be  due  primarily  to  the 
fact  that  the  forest  lands  were  at  a  different  average  elevation  than  the  non- 
forest lands. 

The  specific  objectives  of  the   study,    then,    were  to  answer  these  four 
questions: 

1.  Is  there  a  significant  difference  in  photo  intensity  between  forest  and 
nonforest  lands? 

2.  Is  this  difference  consistent  among  photo  projects? 

3.  Is  there  a  significant  relationship  between  photo  intensity  and  ground 
elevation? 

4.  If  the  answers  to  questions   1   and  3  are  both  "yes,"  then,    is  elevation 
responsible  for  all  or  part  of  the  difference  in  photo  intensity  between  forest 
and  nonforest  lands?     In  other  words,    is  there  a  significant  difference  between 
forest  and  nonforest  photo  intensity  after  both  have  been  adjusted  to  a  common 
elevation? 


PROCEDURES 

The  six  photo  projects  chosen  for  testing  were  the  widely  available  U.S. 
Department  of  Agriculture,    ASCS  (Agricultural  Stabilization  and  Conservation 
Service),    projects  at  1:20,000  scale.      The  particular  counties   selected,    pri- 
marily because  photo  indexes  were  available,   were  Benton,    Douglas,    Jackson, 
and  Lane  in  Oregon  and  Clark  and  Lewis  in  Washington.      These  projects  were 
flown  by  three  different  aerial  contractors,    most  in  I960.      Ground  elevations 
ranged  from  200  to  3,  000  feet. 

The  measure  of  photo  intensity  used  was  the  number  of  photos  per  standard 
township.      Because  actual  townships  vary  somev/hat  in  size  and  shape,    a  series 
of  idealized  townships  exactly  6  miles  on  a  side  were  laid  out  on  topographic 
quadrangles.      These  boundaries  were  then  carefully  transferred  to  photo  index 
mosaics,    by  matching  natural  and  cultural  detail,    and  the  number  of  photos  in 
each  township  was  counted.     Since  photo  plot  grids  established  on  aerial  photos 
are  commonly  restricted  to  the  theoretical  effective  area,    the  net  area  assum- 
ing 60-percent  endlap  and  30-percent  sidelap,    the  photo  count  was  based  on  the 
number  of  effective  areas,    including  estimated  fractional  ones,   that  fell  within 
the  township  boundary.     Thus,   the  count  of  photos  per  township  was  proportional 
to  the  number  of  photo  plots  that  would  be  expected  to  fall  in  that  township. 

Each  standard  township  was  classified  as  being  principally  forest  or  non- 
forest,   a  subjective  judgment  based  on  its  appearance  in  the  photo  index  mosaic. 
The  average  elevation  of  each  township  was  estimated  by  determining  from 
topographic  quadrangles  the  elevation  at  each  of  36  grid  points  and  averaging 
the  s  e . 


Thus,    the  basic  data  for  the  study  consisted  of  observations  of  a  series 
of  standard  townships  within  each  of  six  photo  projects.      For  each  township, 
the  observations  were:     (1)  number  of  photo  effective  areas  and  fractions 
thereof,    (2)  principal  land  class,    either  forest  or  nonforest,    and  (3)  average 
elevation.     The  number  of  townships  used  in  each  county  photo  project  ranged 
from  17  to  35. 


ANALYSIS  AND  RESULTS 

Table  1    shows  the  basic  data  of  average  photo  intensity  for  forest  and 
nonforest  lands  in  each  of  the  six  county  photo  projects.     The  photo  intensity 
for  nonforest  land  exceeded  that  for  forest  land  in  every  county,    ranging  from 
0.  8  percent  to  5.  7  percent  greater.      The  weighted  mean  difference  in  photo 
intensity  between  forest  and  nonforest  lands  was  0.  70  photo  per  township.     Thus, 
overall,    photo  intensity  on  nonforest  lands  was  4.  1   percent  greater  than  that  on 
forest  lands. 

Table  V-A  verage  photo  intensity  by  land  class  and  photo  project 


Photo 

Number 

in 

sample 

Photo  intensity 

per  township 

Difference  as 

project 

percent  of 

(county) 

Forest 

Nonforest 

Total 

Forest 

Nonfores 

t 

Difference 

forest 

Benton 

12 

5 

17 

17.10    18.08 

+0.98 

+5.7 

Clark 

5 

12 

17 

17.68    17.82 

+  .14 

+  .8 

Douglas 

16 

6 

22 

16.53    16.75 

+  .22 

+1.3 

Jackson 

11 

9 

20 

16.47    17.22 

+  .75 

+4.6 

Lane 

19 

16 

35 

16.56    17.42 

+  .86 

+5.2 

Lewi  s 

20 

11 

31 

18.42    19.41 

+  .99 

+5.4 

Total  or 

weighte( 

J 

mean 

83 

59 

142 

17.13    17.83 

+  .70 

+4.1 

The  statistical  significance  of  this  overall  difference  and  its  consistency 
among  photo  projects  were  tested  by  an  analysis  of  variance  with  disproportion- 
ate subclass  frequencies.     The  results  are  shown  in  table  2,    and  they  confirm 
what  seems  apparent  from  inspection  of  the  basic  data. 


The  difference  in  average  photo  intensity  between  forest  and  nonforest 
land  classes  is  highly  significant;  that  is,    it  is  not  likely  to  have  been  caused 
by  a  sampling  accident.     This  answers  the  first  question  posed  in  the  study 
objectives.     The  interaction  between  land  class  and  photo  project  is  not  signifi- 
cant.    This  is  interpreted  to  mean  that  the  differences  between  forest  and  non- 
forest photo  intensities  are  reasonably  consistent  between  photo  projects.     This 
answers  the  second  question. 


Table  1.- Analysis  of  variance  for  photo  intensity 


Source  of  variation 


DF 


SS 


MS 


Land  class   (forest- 
nonforest) 

Photo  project  (county) 

Interaction   (error) 

Within  cells 

Total 


1 

16.69 

16.69 

5 

88.81 

5 

3.21 

.64 

130 

73.17 

.56 

141 


181.88 


1.14 


♦♦Significant  at  the  1-percent  level. 

To  test  the  relationship  between  photo  intensity  and  ground  elevation,    a 
covariance  analysis  was  made  with  elevation  as  the  covariate.     The  results 
showed  the  correlation  between  elevation  and  photo  intensity  to  be  nonsignifi- 
cant.     To  confirm  the  logic  of  this   result,    the  individual   regressions  of  photo 
intensity  on  ground  elevation  were  examined  for  each  of  the   12  groups  of 
data-- six  photo  projects  with  forest  and  nonforest  classes  in  each.      These 
regressions  were  about  equally  divided  between  positive  and  negative  slopes, 
and  most  were  not  significantly  different  from  zero. 

Thus,    it  is  evident  that  there  is  no  significant  relationship  between  photo 
intensity  and  ground  elevation,    which  answers  the  third  question  posed  under 
"objectives."     This  also  answers  the  fourth  question,    for  if  elevation  does  not 
influence  photo  intensity,    then  it    cannot  be  responsible  for  the  difference  in 
photo  intensity  between  forest  and  nonforest  lands.     Some  factor  other  than 
elevation  must  be  responsible. 


INTERPRETATION  OF  RESULTS 

This   study  has   shown  that  within  a  photo  project,    aerial  photos  are  not 
necessarily  uniformly  distributed  over  the  earth's  surface.     It  has  also  shown 
that  irregularities  in  this  distribution  are  not  necessarily  random  but  can  be 
associated  with  items  of  interest,    such  as  the  land  class  breakdown  of  forest 
and  nonforest.     The  lack  of  association  with  elevation  suggests  that  nonuniform 
photo  distribution  can  occur  even  when  the  ground  is  level.     This  also  means 
that  most  of  the   recommended  procedures  for  removing  scale-change  bias--using 
photo  centers  only,    radial  line  location  of  plot  clusters  on  stereopairs,    and  plot 
weights  based  on  elevation--will  not  eliminate  the  risk  of  bias  caused  by  non- 
uniform photo  intensity.      Therefore  any  forest  inventory  using  plots   selected 
on  aerial  photos  with  equal  probability  runs  the   risk  of  obtaining  biased  estimates. 


This  limited  study  can  only  hint  at  the  frequency  and  magnitude  of  the 
bias  that  might  be  expected.     No  doubt  there  are  photo  projects  where  it  is 
negligible,    but  there  may  be  some  where  it  is  catastrophic.     Photo  intensity 
over  nonforest  land  averaged  4.  1   percent  greater  than  that  over  forest  land  in 
the  six  projects  tested.     The  error  in  estimating  acreages  of  forest  and  non- 
forest  lands  will  be  less  than  this  figure,    the  magnitude  depending  on  the  rela- 
tive proportions  of  the  two  land  classes.      For  example,   with  a  nonforest  photo 
intensity  4.  1   percent  greater  than  forest  and  an  inventory  area  that  is  60-per- 
cent forest  land,    the  forest  area  will  be  underestimated  by  1 .  6  percent,    and  the 
nonforest  area  will  be  overestimated  by  2.  4  percent. 

Whether  or  not  biases  of  this  magnitude  constitute  a  serious  problem 
depends  on  the  inventory  objectives.     If  one  is  simply  making  a  rough  reconnais- 
sance and  would  be  satisfied  with  area  estimates  having  sampling  errors  of  1  5 
or  20  percent,    biases  in  the  amount  of  a  few  percent  would  not  be  serious.     On 
the  other  hand,    there  seems  little  point  in  attempting  to  achieve  sampling  errors 
as  low  as,    say,    5  percent  if  there  is  likely  to  be  a  bias  of  several  percent.     One 
authority  states  that  the  effect  of  bias  on  the  accuracy  of  an  estimate  is  negli- 
gible if  the  bias  is  less  than  one-tenth  the  standard  error  of  this  estimate  (5). 

It  is  not  possible  to  determine  with  certainty  the  reasons  for  the  difference 
in  photo  intensity  between  forest  and  nonforest  lands.     However,    a  clue  to  the 
probable  reason  lies  in  the  ASCS  aerial  photography  specifications.     These 
require  centering  of  photos  on  section  corners  with  successive  camera  stations 
1  mile  apart.     At  a  photo  scale  of  1:20,000,    this  produces  an  endlap  of  65 
percent.     Where  section  lines  are  readily  visible,    principally  in  urban  and 
agricultural  areas,   this  specification  is  enforced.     However,   where  section 
lines  are  not  visible,    as  in  forested  areas,    the  specification  is  not  enforced, 
and  minimum  acceptable  endlap  is  60  percent,    or  in  some  cases,    55  percent. 
This,    of  course,    will  tend  to  produce  fewer  photos  per  unit  of  forest  land  than 
nonforest  land. 

If  this  is  indeed  the  explanation  for  the  difference  in  photo  intensity,   then 
we  might  be  tempted  to  assume  that  bias  from  this  source  is  limited  to  ASCS 
photography  and  to  areas  where  forest  and  nonforest  lands  occur  in  substantial 
blocks  rather  than  intermingled  in  small  pieces.    This  is  probably  a  risky 
assumption.     There  are  undoubtedly  many  other  causes  of  nonuniform  photo 
intensity,    and  it  is  possible  that  some  of  these  could  produce  a  bias  greater 
than  those  shown  in  this   study. 

There  is  no  assurance  that  any  photo  project  has  been  free  from  bias  due 
to  difference  in  photo  intensity.     There  may  be  certain  kinds  of  photo  projects 
or  certain  parts  of  the  country  where  serious  bias  from  this  source  is  rare. 
However,   the  rn-sk  is  always  present,    and  unless  steps  are  taken  to  remove  it, 
there  is  always  the  possibility  that  our  inventory  estimates  are  not  as  reliable 
as  their  sampling  errors  would  suggest. 

The  one  sure  way  of  eliminating  photo  plot  bias  from  all  sources  is  to 
select  plot  locations  in  some  unbiased  manner  on  maps,    then  to  transfer  these 


locations  to  photos  using  radial  line  or  stereoplotter  instruments.      This 
procedure  is  currently  being  used  on  several  forest  inventories  in  Canada. 

Although  little  information  is  available  on  the  cost  of  this  map-transfer 
process,    it  is  considered  too  expensive  by  many  inventory  foresters,    and 
cheaper  alternatives  have  been  sought.     There  appears  to  be  no  cheap  alterna- 
tive that  eliminates  bias  due  to  scale  change  as  well  as  that  due  to  irregular 
photo  distribution.     However,    for  parts  of  the  country  where  scale  change  bias 
is  considered  inconsequential,    it  is  possible  to  develop  shortcut  methods  for 
minimizing  the  bias  from  nonuniform  photo  distribution. 

Examples  of  such  procedures  are  those  used  by  the  nationwide   Forest 
Survey  conducted  by  the  U.S.    Forest  Service.      In  the  North  Central  Region, 
uncontrolled  mosaics  are  constructed  for  each  township.     Township  boundaries 
are  then  transferred  from  maps  to  the  mosaics,    and  equal  numbers  of  photo 
plots  are  systematically  located  within  each  township.     In  the  Southern  Region, 
Forest  Survey  field  plots  are  established  by  a  systematic  grid  on  maps.     These 
locations  are  transferred  to  aerial  photos,    and  a  cluster  of  photo  plots  is  then 
established  on  each  photo  containing  a  field  plot. 

As  yet,    little  seems  to  be  known  about  the  cost  of  the  various  methods  or 
their  degree  of  success  in  eliminating  or  minimizing  the  bias  in  photo  plot 
sampling.     More  needs  to  be  done  to  develop  this  information  and  make  it 
available.      Until  this  happens,    inventory  foresters  who  want  to  take  advantage 
of  aerial  photo  plots  will  have  to  rely  mainly  on  intuition  in  deciding  what  to  do 
about  the  risk  of  bias  associated  with  these  plots.     They  can  locate  plots 
systematically  on  the  photos  and  accept  the  risk  of  bias  from  both  scale  change 
and  irregular  photo  distribution.     They  can  pay  whatever  it  costs  to  eliminate 
bias  by  the  map-transfer  process.      Or  they  can  adopt  some   substitute  procedure 
which  will  presumably  be  cheaper  than  map  transfer,    yet  minimize  the   risk  of 
bias  from  irregular  photo  distribution. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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ABSTRACT 

The  distribution  of  an  outbreak  population  of  lodgepole  needle 
miner,  Coleoteahnites  near  milleri  (Biusck.) ,  in  central  Oregon  was 
studied  in  relation  to  forest  stand  and  site  characteristics.      The 
outbreak  occurred  primarily  in  topographic  basins  where  lodgepole 
pine,   Pinus  contorta  Douglas,  grows  in  pure  stands  and  is  the  topo- 
edaphic  climax  species.      Tree  defoliation  was  not  continuous  but 
was  interrupted  by  uninfested  stands  in  basin  drainage  systems  and 
on  well-drained  slopes.    The  transition  from  infested  to  uninfested 
stands  was  usually  marked  by  changes  in  topography,    soils,    tree 
stocking,  and  plant  communities.      Needle  miners  were  virtually 
absent  on  sites  characterized  by  high  seasonal  water  tables,  deeply 
developed  soil  profiles,  and  dense  tree  stocking.        Similarly, 
populations  usually  declined  abruptly  on  well-drained  slopes  where 
lodgepole  pine  was   serai  or  was  growing  in  mixed  stands  with 
ponderosa  pine,     Pinus  ponderosa    Laws.     In  general,  Pinus  contorta/ 
Purshia  tridentata   communities  were  severely  infested,  but  adjacent 
Pinus  oontorta/Purshia  tridentata-  Arotostaphylos  patula     and 
Pinus  aontorta/Arotostaphylos  uva-ursi  communities  were  rela- 
tively free  of  attack.    Degree  of  infestation  is  apparently  influenced 
by  a  combination  of  environmental  and  tree  physiological  factors  that 
vary  significantly  under  different  forest-site  conditions. 
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INTRODUCTION 

Forests  of  lodgepole  pine,     Pinus  aontorta   Douglas,   in  the  pumice  region  of 
central  Oregon  are  periodically  infested  by  a  hitherto  undetermined  needle  miner  in  the 
genus    Coleoteohnites     (Lepidoptera:    Gelechiidae).     The  most  recent  outbreak  developed 
in  1965  and  continued  at  a  high  level  through  1968  when  populations  again  subsided  to  a 
relatively  endemic  status.    At  the  peak  of  the  outbreak  in  1967,   148,000  acres  of  lodge- 
pole  pine  suffered  defoliation  (Pettinger  and  Dolph  1967). 

During  this  period,  degree  of  defoliation  was  highly  variable  throughout  the  infested 
region.     It  was  inconspicuous  in  stands  with  low  needle  miner  populations,  but  trees  were 
almost  completely  defoliated  in  stands  with  high  populations.     Distribution  of  defoliation 
was  especially  noteworthy  because  it  was  closely  associated  with  changes  in  forest  com- 
position, topography,  and  drainage  patterns.    A  preponderance  of  evidence  indicated 
that  these  factors  strongly  affected,  either  directly  or  indirectly,  the  population  density 
of  needle  miners  in  a  particular  forest  stand.     The  purpose  of  this  study  was  to  investi- 
gate in  detail  some  of  the  environmental  factors  apparently  associated  with  the  distribu- 
tion and  intensity  of  defoliation  caused  by  needle  miners. 

DESCRIPTION  OF  THE  INSECT  AND  STUDY  AREA 

The  lodgepole  needle  miner  in  Oregon  is  a  small  univoltine  insect  that  spends  most 
of  its  larval  stage  within  the  mined  needle.     It  is  similar  taxonomically  to    C.   millevi 
Busck,   a  serious  enemy  of  lodgepole  pine  in  central  California  (Koerber  and  Struble  1971), 
but  the  California  needle  miner  differs  by  having  a  2-year  life  cycle.     Moth  flight  occurs 
in  late  July,  and  eggs  are  laid  in  old  mined  needles  by  early  August.    Amount  of  tree 
damage  during  outbreaks  depends  on  the  intensity  and  duration  of  defoliation.    Although 
prolonged  defoliation  may  cause  tree  mortality,  damage  in  Oregon  seems  to  be  limited 
primarily  to  severe  loss  of  growth. 

Eggs  hatch  in  late  summer,  and  the  larvae  migrate  to  undamaged  green  needles 
where  they  construct  new  mines.    A  single  larva  feeds  inside  the  needle,  eventually 
devouring  all  but  the  epidermis.     Fhjpation  occurs  in  early  July  the  following  year,   in 
either  the  same  needle  or  possibly  a  second  mined  needle. 

The  1965-68  outbreak  occurred  in  the  Winema  and  Deschutes  National  Forests  in 
south-central  Oregon.    Studies  were  concentrated  in  two  separate  areas  of  the  outbreak 
in  the  northern  end  of  Klamath  County.     This  is  a  high  plateau  extending  from  the  east 
slope  of  the  Cascade  Range  to  the  high  desert.     Elevations  vary  from  5,000  to  6,000  feet 
above  sea  level.    Annual  precipitation  averages  about  20  inches,  of  which  only  about  2.  5 
inches  fall  in  the  3  summer  months.    Winter  precipitation  is  mostly  in  the  form  of  snow. 

The  soil,  site,  and  vegetation  relationships  of  the  region  have  been  thoroughly 
described  in  numerous  publications  (Dyrness  and  Youngberg  1958  and  1966,   Youngberg 
and  Dyrness  1959,  Youngberg  and  Dahms  1970).     The  area  is  overlain  by  several  feet 
of  pumice  originating  from  the  final  eruption  of  Mount  Mazama  (Crater  Lake), 


approximately  6,600  years  ago  (Fryxell  1965).     Soils  formed  on  pumice  deposits  have 
little  profile  development  because  the  parent  material  is  of  recent  origin.     Most  of  the 
well-drained  soils  belong  to  the  Lapine  series  which  is  characterized  by  a  thin  litter 
layer,  an  A  horizon  about  2  inches  thick,   a  weathered  AC  horizon  from  8  to  14  inches 
thick,  and  an  unweathered  C  horizon  of  sands  and  gravels.     The  C  horizon  is  largely  a 
function  of  total  depth  of  the  pumice  mantle  and  may  vary  in  depth  from  1  foot  to  several 
feet.     Because  of  their  porous  nature,  pumice  soils  are  able  to  store  sizable  amounts  of 
water.     However,  most  plant  roots  in  the  Lapine  soil  are  confined  to  the  A,  AC,  and 
buried  soil  horizons,  so  that  very  little  moisture  is  extracted  from  the  C  horizons. 

Dyrness  and  Youngberg  (1966)  found  that,  even  on  shallow  pumice  soils,   all  avail- 
able moisture  may  not  be  depleted  until  late  in  the  growing  season.     Pumice  soils  are 
also  subject  to  high  and  low  temperature  extremes  which  have  considerable  influence  on 
the  character  and  distribution  of  vegetation  (Cochran  et  al.   1967). 

Ponderosa  pine  (  Pinus  ponderosa  Laws.)  and   lodgepole  pine  are  the  predominant 
tree  species  in  the  area.    They  are  sometimes  associated  at  higher  elevations  with 
white  fir  (Abies  aonoolov   [Gord.   and  Glend.  ]  Lindl. )  and  sugar  pine  {Pinus   lambevtiana 
Dougl. )  and  along  streams  with  Engelmann  spruce  (Pioea  engelmannii    Parry).      Com- 
mon understory  species  include  bitterbrush  (  Purshia   tridentata  [Pursh]  DC. ), 
manzanita  {Are tostaphylos  patula    Greene),  snowhrush  {Ceano thus  velutinus  Dougl.), 
Idaho  fescue  {Festuaa  idahoensis  Elm.),     and   needlegrass  {  Stipa  oacidentalis 
Thurb. ). 

In  the  outbreak  area,  lodgepole  pine  occurs  extensively  in  pure  stands  in  broad 
basins.     On  these  sites,  lodgepole  pine  is  generally  recognized  as  the  topo-edaphic 
climax  species  possibly  because  of  low  spring  temperatures  which  are  believed  to  pre- 
vent the  establishment  of  ponderosa  pine  (Berntsen  1967).    On  well-drained  slopes  where 
ponderosa  pine  and  lodgepole  pine  are  growing  together,  ponderosa  pine  is  usually  the 
climax  species  and  lodgepole  pine  is  a  serai  component  in  the  stand.     If  lodgepole  pine 
is  found  as  a  pure  stand  on  slopes,  it  is  usually  as  a  result  of  logging  or  fire. 

METHODS 

The  general  distribution  of  the  needle  miner  outbreak  was  determined  from  aerial 
and  ground  observations  and  from  aerial  color  transparencies  taken  at  the  peak  of  the 
infestation.    Because  of  extreme  tree  defoliation  over  much  of  the  region,  low  population 
centers  with  little  or  no  defoliation  contrasted  sharply  with  outbreak  areas. 

Six  pairs  of  observation  plots  were  established  in  the  lodgepole  pine  basins  for 
investigating  needle  miner  outbreaks  in  relation  to  tree  and  site  conditions.    Three 
pairs  of  plots  were  located  immediately  northeast  of  Crescent  Lake  and  three  pairs  to 
the  east  of  Chemult  in  the  broad  basins  east  of  Sl^ooloim  Butte.     Each  paired  plot  over- 
lapped zones  of  high  and  low  population  intensity,  one  plot  of  a  pair  in  each  intensity 
zone.    In  addition  to  the  six  paired  plots,  four  random  plots  were  located  on  adjacent 
slopes  in  zones  of  low  needle  miner  intensity. 

Considerable  site  and  vegetation  information  was  collected  on  the  plots.    Site  index 


was  measured  by  determining  total  height  and  age  of  10  dominant  trees  nearest  each 
plot  center.     Corrections  in  site  index  were  made  for  stand  density  as  described  by 
Alexander  et  al.   (1967).     Basal  area,  crown  competition  factor,   and  number  of  stems 
were  estimated  from  1/5-acre  sample  plots.    Annual  radial  increment  throughout  the 
life  of  the  stand  was  investigated  on  dominant  and  codominant  trees  from  increment 
cores  taken  at  3  feet  above  the  ground.     Extent  of  pruning  and  characteristics  of  tree 
crowns,  such  as  fullness,  density,  and  length,  were  noted  but  not  quantified.     Plant 
communities  were  described  from  the  relatively  abundant  plants  on  randomly  located 
milacre  quadrats. 

Soil  profiles  and  tree  rooting  characteristics  were  examined  from  hand-dug  soil 
pits  and  from  excavation.    Water  table  fluctuations  in  the  soil  pits  were  recorded 
throughout  the  season. 

At  four  of  the  paired  plots  and  on  the  four  slope  plots,  soil  moisture  depletion 
and  tree  moisture  stress  were  measured  during  two  growing  seasons.    Soil  moisture 
determinations  were  made  with  a  neutron  probe  at  three  access  tubes  on  each  plot. 
Tree  moisture  stress  was  estimated  by  measuring  xylem  water  pressure  with  a  portable 
pressure  bomb  similar  to  the  technique  described  by  Waring  and  Cleary  (1967).      Sap 
pressure  was  read  separately  on  an  excised  twig  from  each  of  three  lodgepole  pines  at 
each  plot.    All  pressure  readings  on  twigs  were  completed  within  1  minute  from  the 
time  of  excision  from  the  tree.    Maximum  stress  was  determined  from  readings  at 
midday  and  minimum  stress  from  readings  between  12  midnight  and  dawn,  after  trees 
had  regained  turgor. 

As  a  means  of  diagnosis  of  possible  nutrient  deficiencies  on  different  sites, 
foliage  from  all  sites  was  analyzed  for  nitrogen,  phosphorus,  potassium,  calcium, 
and  sulfur.     First- year  needles  were  sampled  from  the  midcrown  of  trees  in  September 
1969.    Analyses  were  made  by  the  Department  of  Agricultural  Chemistry,  Oregon  State 
University,  Corvallis. 

To  gain  information  on  the  temperature  environment,  soil  temperatures  were 
monitored  on  plots  at  four  of  the  paired  plots  during  1  week  in  early  July  1970  by  Dr. 
P.   H.  Cochran  of  the  U.  S.   Forest  Service,  Bend  Silviculture  Laboratory,  Bend,  Oregon. 
Data  were  automatically  recorded  at  2-hour  intervals  for  a  24-hour  period  at  each 
location  using  thermistors  for  sensors.     Temperature  was  measured  at  2.  5  inches 
above  the  soil  surface  and  at  depths  of  2,  4,  and  6  inches. 

OBSERVATIONS  AND  RESULTS 
Distribution  of  Outbrea/(  Populations 

Throughout  the  outbreak,  heaviest  needle  miner  defoliation  was  confined  to  exten- 
sive pure  stands  where  lodgepole  pine  is  regarded  as  the  topo-edaphic  climax  species. 
The  highest  populations  usually  occurred  in  stands  growing  on  level  flats  in  broad 
basins  except  that  defoliation  was  negligible  on  trees  growing  in  and  around  intermittent 
drainages,  meadows,  or  local  depressions  in  such  basins.    Frequently,  there  were 
only  slight  topographical  differences  between  infested  and  uninfested  areas  in  the  basins. 


Nonetheless,   as  seen  in  the  aerial  photographs  in  figure  1,  the  contrast  between  defo- 
liated and  nondefoliated  sites  was  definitely  related  to  the  drainage  network.      Other 
discontinuities  in  defoliation,  especially  around  the  fringes  of  basin  outbreaks,  were 
not  clearly  related  to  any  obvious  drainage  patterns.     Outbreak  populations  were  also 
common  in  lodgepole  pine  growing  on  benches  and  along  the  sloping  edges  of  large 
basins  where  ponderosa  pine  was  still  not  present  in  the  stand. 

Needle  miner  populations  rarely  reached  outbreak  proportions  on  well-drained 
upper  slopes  whei-e  lodgepole  pine  is  a  serai  species  or  is  currently  associated  with 
ponderosa  pine. 
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Figure  1.- Aerial  photographs  of  lodgepole 
pine  forest  comparing  defoliated  stands 
(light  shade)  with  uninfested  stands  (dark 
shade):  A,  Drainages  and  large  meadow  with 
uninfested  trees;  B,  drainages  bordered  by 
uninfested  trees;  and  C,  small  topographic 
depression  (top  of  photo)  with  uninfested 
trees  surrounded  by  defoliated  trees. 
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So/7  Characteristics  and  Water  Table 

A  seasonally  high  water  table  was  a  common  feature  of  all  uninfested  sites  studied. 
During  the  early  spring  of  1969,  ground  water  was  at  or  near  the  surface;  and  by  the 
end  of  the  summer,  it  was  still  only  3  feet  deep.    By  comparison,  the  water  table  in 
infested  areas  was  usually  several  feet  deep  in  early  spring  and  at  the  end  of  the  summer 
was  frequently  well  below  the  pumice  mantle.    An  example  of  water  table  changes  at 
infested  and  uninfested  sites  at  one  paired  plot  is  shown  in  figure  2. 
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Figure  2. -Comparison  of  water  table  fluctuations  at  paired 
plot  near  Crescent  Lake. 


Soil  profiles  were  also  conspicuously  different  between  some  infested  and  uninfested 
sites.     For  example,  in  the  drainages  and  poorly  drained  depressions,  the  weathered 
A  and  AC  horizons  were  often  24  inches  thick,  whereas  the  same  two  horizons  seldom 
exceeded  10-inch  thickness  in  the  surrounding  flats  (fig.  3).     However,  such  differences 
were  not  consistent  throughout  the  paired  plots.    Not  all  uninfested  sites  in  the  basins 
contained  deep  A  and  AC  horizons,  although  they  were  usually  associated  with  drainage 
networks  and  a  high  water  table. 
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Figure  3. -Soil  profiles  showing  the  depth  of  the  A  and  AC  horizons  on:  A,  An  infested 
basin  site;  and  B,  an  uninfested drainage  site. 


Tree  Rooting  and  Crown  Characteristics 

In  the  infested  basins  where  the  pumice  mantle  was  deep,  lodgepole  pine  roots 
were  generally  confined  to  the  A   and  AC  horizons  which  included  about  the   surface 
10   inches  of  soil   (fig.  3).      Roots  were  generally  not  present  in  the  gravelly  C 
horizon.      On  poorly  drained  uninfested  sites  where  the  pumice  mantle  was  rela- 
tively shallow,    rooting  was   stratified  into  layers   according  to  the  suitability  of 
the     soil    horizons    for    root    growth     (Bishop  1962).      The    top    layer    of    roots 
occupied  the  A  and  AC  horizons,    and  another  layer  connected  to  the  first  by 
"sinker  roots"  developed  at  a  lower  level   (fig.  4).      The  stratified  patterns  appar- 
ently developed  because  of  a  high  water  table  or  because  an  older  buried  soil 
was  near  the  surface. 


In  general,     the    crowns    of    lodgepole    pines    on    uninfested    sites    were 
conspicuously    larger     and    fuller    than    crowns    of    trees    on    infested    sites. 
This    characteristic    prevailed    before    defoliation    took    place. 
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Figure  4. -Excavated  roots  of  lodgepole  pine  showing:  /i,  Shallow  rooting  on  infested  basin 
and  B,  rooting  in  uninfested  drainage  sites. 
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Site  Quality 

Tree  growth  before  the  outbreali  was  generally  more  rapid  on  the  uninfested  drain- 
age sites  than  on  the  surrounding  basin.    As  given  in  table  1,  site  index  and  stand  density 
of  lodgepole  pine  were  noticeably  higher  on  the  uninfested  plots  in  most  of  the  plot  pairs. 
Basal  area  on  the  uninfested  plots  in  drainage  areas  was  nearly  double  that  of  the  defo- 
liated stands  (fig.  5).     Similarly,  during  most  of  the  life  of  the  stand,  annual  increment 
of  trees  was  considerably  greater  in  the  uninfested  drainages  than  in  the  infested  basins 
(fig.  6).     Site  index  was  not  measured  on  the  uninfested  slope  sites,  but  annual  radial 
increment  in  lodgepole  pine  was  less  on  these  sites  than  in  the  basins  or  drainages. 


Understory  Vegetation 

Site  differences  between  infested  and  uninfested  stands  were  clearly  reflected  by 
changes  in  the  understory  plant  community.     Infested  stands  in  the  basins  were  generally 
associated  with  a  remarkably  simple  community  of  widely  spaced  xeric  plants,  whereas 
uninfested  stands  in  drainages  and  depressions  were  characterized  by  a  fairly  dense 
mesic  flora.     The  relative  abundance  of  common  plants  on  the  two  sites  is  illustrated 
by  the  sampling  data  presented  in  table  2. 

Plant  communities  on  pumice  soils  have  been  described  which  are  similar  to  the 
sites  in  this  study  (Franklin  and  Dymess  1969,  Youngberg  and  Dahms  1970).     For 
example,  vegetation  on  the  infested  sites,  where  bitterbrush  was  the  dominant  under- 
story species,  is  equivalent  to  the  Pinus  aontorta/Purshia  tridentata  community.     The 
wet  site  vegetation  of  uninfested  stands  is  similar  to  the  Pinus  oontorta/Aratostccphylos 
uva-ursi  community  except  that  A.    uva-ursi  was  missing  from  the  study  areas. 


Table  1. — Comparison  of  lodgepole  pine  site  index,    stand  density ,   and  stand 
stocking  on  infested  basin   (BA)   and  uninfested  drainage   (DR)   sites 
at  five  paired  plots 


Paired  plot 

Site 

indexi' 

CCF 

2/ 

Basal  arear.' 

Number  of 

trees—' 

DR 

BA 

DR 

BA 

DR 

BA 

DR 

BA 

Skookum  Butte: 

I 

64 

61 

151 

109 

140 

82 

451 

568 

II 

78 

66 

213 

110 

167 

95 

1,118 

455 

III 

62 

67 

153 

86 

120 

66 

774 

546 

Crescent  Lake: 

\3^ 

73 

58 

196 

104 

175 

82 

630 

475 

V 

80 

66 

153 

87 

130 

74 

634 

305 

Mean 


71 


64 


173 


99 


146 


80 


721 


470 


_'  Average  height  in  feet  at  100  years. 

_'  Crown  competition  factor.   A  base  value  of  100  implies  complete 

occupancy  of  space  without  crown  competition  between  trees.   From  this  base, 

stand  density  is  expressed  as  a  percentage  (Krajicek  et  al.  1961). 

3/ 

—  Square  feet  per  acre. 

-i'  Per  acre. 
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Figure  5. -Stand  stocking  on:  A,  An  infested  basin  site;  and  B,  an  uninfested  drainage  site. 
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Figure  6. -Comparison  of  annual  increment  of  lodgepole  pine  on 
three  sites  in  outbreak  area  (SI -slopes,  Dr-drainages, 
Ba- basins). 


As  needle  miner  populations  diminished  at  the  border  of  the  basins,  there  was  a 
simultaneous  change  in  the  associated  plant  communities.    Most  conspicuous  was  the 
entry  of  manzanita  and  snowbrush  into  the  understory  with  a  slight  increase  in  elevation. 
Similarly,  ponderosa  pine  eventually  became  a  component  in  the  overstorj^  because  of 
improved  drainage  and  warmer  surface  temperatures  associated  with  the  slopes.     Vege- 
tation on  the  uninfested  slopes  was  comparable  to  thePinus  contorta/Pio'shia  tvidentata- 
Aratostaphylos  patula  community  where  lodgepole  pine  is  largely  a  serai  species.    The 
climax  phase  of  this  community,  thePinus  ponderosa/Purshia  tridentata-Arotostaphylos 
patula  association,  has  been  described  by  Dyrness  and  Youngberg  (1966). 

So/7  Moisture  Depletion 

Overwhelming  empirical  evidence  suggested  that  within  the  needle  miner  outbreak, 
sites  having  a  particularly  favorable  supply  of  soil  moisture  were  unsuitable  for  the 
buildup  of  needle  miner  populations.     Trees  growing  near  drainages  or  on  high  water 
tables  in  the  basins  were  relatively  free  of  defoliation.    Outbreak  populations  were  also 
absent  where  lodgepole  pine  was  growing  with  ponderosa  pine  on  well-drained  slopes, 
a  site  where  trees  were  more  deeply  roote<^  and  were  expected  to  come  under  less 


Table  2. — Relative  abundance  of  common  -plants  on  infested  basin  sites  and 

uninfested  drainage  sites 


Species 

Uninfested 

drainages 

Infested  basins 

Densityi^ 

Constancy±/ 

Density—'^ 

Constancy—' 

Tri folium  longipes 

300 

4 

0 

0 

Fragavia  virginiana 

(A/) 

4 

0 

0 

Fenstemon  oinioola 

2.4 

4 

0 

0 

Rumex  pauaifolius 

11.1 

2 

0 

0 

Potentilla  gracilis 

7.1 

2 

0 

0 

Horkelia  fusca 

.5 

2 

0 

0 

Stipa  oooidentalis 

8.7 

4 

20.0 

5 

Achillea  millefolium 

8.3 

4 

3.5 

3 

Lupinus   lepidus 

.3 

2 

3.0 

5 

Spraguea  umbellata 

0 

0 

2.2 

4 

Viola  purpurea 

0 

0 

.9 

3 

Haplopappus  Bloomeri 

0 

0 

.4 

3 

Purshia  tridentata 

0 

0 

.3 

2 

Eriophyllum  lanatum 

0 

0 

.2 

2 

Agoseris  glauca 

6.8 

2 

.4 

2 

Sit anion  hystrix 

.6 

2 

.1 

1 

Poa   sp . 

(4/) 

1 

0 

0 

Moss 

(4/) 

1 

0 

0 

Othersl' 

11.3 

4 

.2 

1 

i 


—  Mean  of  15  milacre  plots. 

2/ 

—  Number  of  paired  plots  where  found. 

3/ 

—  Mean  of  25  milacre  plots. 

_'  Dense, 

—  Vaccinium  sp.,   Silene  sp..  Aster  sp.,   Castilleja  sp, 


moisture  stress  than  in  the  basins.    Therefore,  soil  moisture  flux  in  drainages,  basins, 
and  on  slopes  was  investigated  in  some  detail  during  the  1969  and  1970  growing  seasons. 

Soil  moisture  depletion  from  the  three  sites  at  12-  and  24- inch  depths  is  shown 
in  figure  7.    Field  capacity  occurs  at  about  40-percent  moisture  content,  and  the  soils 
are  completely  saturated  at  50  percent  (Youngberg  and  Dyrness  1964).    On  the  drainage 
and  basin  sites,  water  content  below  24  inches  remained  near  or  above  field  capacity 
because  of  high  water  tables  or  lack  of  water  use  at  that  depth.    On  slope  sites  where 
rooting  was  deeper,  water  was  depleted  from  lower  depths  but  at  a  slower  rate.      Soil 
moisture  was  higher  on  drainage  sites  than  on  basin  sites  early  in  the  summer  but  was 
depleted  faster  from  the  drainages,  so  that  by  the  end  of  the  summer  there  appeared  to 
be  more  available  water  in  the  top  foot  on  basin  sites  than  on  drainage  sites.     On  both 
sites,  moisture  appeared  to  be  readily  available  for  tree  use  throughout  the  summer. 
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12-INCH  DEPTH 


J  L 


24-INCH  DEPTH 


J  L 


JUNE      JULY       AUG.      SEPT.  JUNE      JULY     AUG.       SEPT. 

MONTHS 

Figure  7. -Soil  moisture  depletion  at  two  soil  depths  on  three  different  sites  (SI -slopes, 
Dr-drainages,  Ba-basins). 


By  comparison,   soil  moisture  content  at  the  12-inch  depth  on  slope  sites  approached 
the  permanent  wilting  percentage  late  in  the  summer.    However,  moisture  was  still 
available  at  lower  depths. 

Total  water  consumption  from  mid- June  to  mid- September  at  the  24- inch  depth 
was  greater  on  the  drainage  sites  than  the  other  sites.     In  terms  of  percentage  reduction 
in  soil  moisture  content,  from  1-1/2  to  two  times  as  much  water  was  used  during  that 
period  on  the  drainage  sites  as  on  the  basin  sites.     In  the  basins,  water  use  may  have 
been  reduced  somewhat  by  the  lack  of  a  normal  complement  of  foliage  due  to  past  needle 
miner  defoliation.     However,  by  midsummer  of  1969,  all  trees  contained  at  least  2  years' 
undamaged  needles.     Depletion  of  water  at  the  24-inch  depth  was  also  greater  in  the 
drainages  than  in  the  basins.    In  general,  vegetation  of  all  types  was  more  dense,  tree 
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foliage  more  abundant,  and  soils  more  completely  occupied  by  roots  in  the  drainages. 
As  a  result,  water  was  withdrawn  more  rapidly  from  drainages  than  from  basins.     Total 
water  use  on  the  slopes  seemed  to  be  comparable  to  that  in  the  drainages  except  that 
water  was  withdrawn  from  a  greater  portion  of  the  soil  profile. 

Tree  Moisture  Stress 

Trends  of  maximum  and  minimum  moisture  stress  values  during  peak  1969  and 
1970  drought  periods  as  determined  with  the  pressure  chamber  are  given  in  figure  8. 
Maximum  and  minimum  tension  values  increased  0  to  3  bars  over  the  course  of  the 
6-week  measurement  periods  as  moisture  was  depleted  from  the  soil.    Tension  values 
decreased  5  to  6  bars  during  overnight  recovery.     Moisture  stress  appeared  to  be 
highest  on  slope  plots,  but  there  was  little  measured  difference  in  the  stress  values  on 
drainage  and  basin  sites.    These  findings  seem  to  support  the  results  of  the  soil  moisture 
depletion  studies  which  showed  that  moisture  was  equally  available  to  trees  on  drainage 
and  basin  sites  but  was  less  available  on  the  slopes. 


£-16 

CO 

K-12 

04 

K 

g-10 

< 

S 
u 

?J-6L 


-    Day 


-8- 


X 


1969 


1970 


Dr 


J     L 


JULY 


AUGUST 


JULY 


AUGUST 


Figure  8. -Seasonal  trend  of  moisture  stress  in  lodgepole  pine  on  three  different  sites 
(SI -slopes,   Dr-drainages,  Ba-basins). 

Possible  differences  in  tree  moisture  stress  were  investigated  further  by  deter- 
mining diurnal  stresses  on  each  site.    Examples  of  the  pattern  of  daily  moisture  stress 
at  two  different  areas  during  the  peak  drought  period  are  shown  in  figure  9.    In  both 
years,  the  rise  in  tree  moisture  tension  from  early  to  midmorning  was  almost  identical 
on  the  drainage  and  slope  sites.    Tension  trends  on  the  basin  sites  were  also  similar  to 
the  other  sites  at  Skookum  Butte  but  did  not  appear  to  be  as  steep  at  Crescent  Lake. 
Peak  moisture  stress  usually  occurred  between  10  a.m.  and  12  noon  and  was  often 
followed  by  a  slight  drop  in  tension.    After  3  p.  m. ,  moisture  stress  declined  again  to 
an  eventual  equilibrium  point  as  illustrated  by  the  1969  data.    The  general  pattern  of 
daily  stress  was  closely  related  to  vapor  pressure  deficit. 
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Figure  9. -Diurnal  trend  of  moisture  stress  in  lodgepole  pine  on  three 
different  sites  (SI -slopes,   Dr-drainages,  Ba-basins). 


Foliar  Analyses 

The  chemical  composition  of  foliage  is  considered  to  be  a  good  indicator  of  the 
availability  of  essential  nutrients  for  tree  use  (Kramer  and  Kozlowski  1960).    An  obvious 
deficiency  in  the  foliage  of  an  essential  element  might  indicate  a  shortage  of  that  nutrient 
in  the  soil.     In  studies  of  pumice  soil  fertility  in  central  Oregon,   Youngberg  and  Dymess 
(1965)  found  that  nitrogen,  phosphorus,   and  sulfur  were  the  nutrients  that  were  most  often 
deficient.     Tree  growth  characteristics  and  poorly  developed  soils  associated  with  the 
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basins  gave  every  indication  that  these  sites  might  be  relatively  deficient  in  certain 
nutrients  compared  with  the  uninfested  drainage  sites.    However,  in  the  foliar  analyses 
of  trees  on  three  sites  at  each  of  two  locations,  there  were  no  statistically  significant 
differences  in  concentration  of  any  of  the  five  elements  examined  (table  3). 

The  slightly  lower  concentrations  of  nitrogen  in  foliage  from  the  slope  plots  were 
the  only  consistent  differences  at  both  locations.    No  consistent  nutrient  difference  is 
discernible  between  basin  and  drainage  sites. 


Table  3. — Conaentvation  of  five  elements  in  first  yeco'  foliage  from  the 

midorown  of  lodgepole  pines 


Location  and  site 


Ca 


Crescent  Lake: 

Basin 

Drainage 

Slope 

Skookum  Butte; 

Basin 

Drainage 

Slope 


1.04 

—  — r  ai'uiciri,  (. 

0.18 

0.29 

0.10 

0.13 

1.02 

.06 

.28 

.08 

.13 

.92 

.16 

.27 

.08 

.13 

1.03 

.06 

.32 

.09 

.16 

1.12 

.06 

.29 

.10 

.14 

.90 

.09 

.26 

.08 

.10 

So/7  Temperature 

The  temperature  environment,  particularly  at  the  forest  floor,  appeared  to  be 
cooler  on  the  drainage  sites  than  in  the  basins.    Because  of  high  stocking  of  pines  and 
relatively  dense  crown  canopy,  much  of  the  forested  portion  of  the  drainage  was  well 
shaded  most  of  the  day  (fig.  5).    To  investigate  possible  temperature  differences  be- 
tween sites,  we  recorded  midsummer  soil  temperatures  on  drainage  and  basin  sites  at 
four  different  locations.    The  mean  values  of  these  readings  at  2-hour  intervals  and  at 
three  soil  depths  are  plotted  in  figure  10.    They  show  that  drainage  soils  were  consis- 
tently cooler  and  that,  at  midday,  temperatures  near  the  surface  may  be  as  much  as 
10°  C.  lower  than  the  more  exposed  basin  sites.    Discrepancies  were  less  at  night  and 
at  deeper  soil  levels;  however,  temperatures  at  the  4-  and  6- inch  depths  in  the  drain- 
ages remained  several  degrees  lower  than  at  comparable  depths  in  the  basins.     Lodge- 
pole  pines  growing  in  the  basins  are  extremely  shallow  rooted,  and  most  of  the  roots  are 
restricted  to  the  top  10  inches  (fig.  4).    Therefore,  the  soil  temperatures  in  that  zone 
probably  accurately  characterize  the  rooting  environment  of  basin  trees.    Tree  roots  in 
the  drainages  grow  to  a  much  lower  depth  where  they  may  encounter  temperatures  even 
lower  than  those  measured. 
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Figure  10. -Diurnal  trend  of  surface  (2.5  inches  above)  and  soil  temperatures 
(2-,  4-,  and  6-inch  depths)  at  basin  and  drainage  sites  during  week  of  July 
6  to  10,  1970.  Plotted  values  are  the  mean  of  readings  from  four  paired 
plots  for  each  type  of  site. 


DtSCUSS/ON 

The  results  clearly  show  that  site  influenced  the  distribution  of  populations  in  the 
needle  miner  outbreak.    High  populations  occurred  only  in  pure  stands  in  broad  basins 
where  lodgepole  is  considered  the  climax  species.     Outbreaks  did  not  develop  on  imper- 
fectly drained  sites  in  the  basins  or  on  well-drained  slopes  where  lodgepole  pine  is  serai. 
Based  on  these  conclusions,  the  probable  risk  of  sites  to  needle  miner  infestation  might 
be  noted  according  to  vegetational  classifications  as  follows: 


Pinus  aontorta/Purshia  tvidentata  community 
Pinus  oontorta/Arotostaphylos  uva-ursi  community 

Pinus  contorta/Purshia  tridentata- 

Arotostaphylos  patula  community 
or 

Pinus  ponderosa/PuTshia  tridentata- 

Arotostaphylos  patula  association 


High  risk 
Low  risk 


Low  risk 


Relation  of  site  variability  to  infestation  raises  a  question  concerning  the  causes 
responsible  for  population  buildup.    Such  a  question  cannot  be  answered  conclusively 
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without  long-term  studies  in  needle  miner  population  dynamics  where  causes  of  popula- 
tion change  are  identified.    However,  we  can  look  at  certain  factors  that  vary  conspicu- 
ously between    high  and  low  risk  sites  and  speculate  on  their  importance  to  population 
survival. 

The  Pinus/Purshia  community  has  a  relatively  simple  structure  compared  with 
other  vegetation  classes.    It  is  dominated  by  a  single- species  overstory  and  consists  of 
only  sparse  vegetation  in  the  understory.    As  a  result,  the  buildup  of  populations  may  be 
favored  in  this  community  by  both  a  continuous  supply  of  food  for  infestation  and  a  lack 
of  natural  enemies  due  to  the  scarcity  of  diverse  cover  tjrpes.    The  other  communities 
mentioned  are  generally  characterized  by  a  richer  composition  of  species  which  could 
result  in  needle  miner  populations  being  stabilized  at  a  lower  level.    For  example,  in 
the  Pinus  ponderosa/Purshia-Arctostaphytos   association,  the  primary  food  is  not 
continuously  available  in  a  spatial  sense  but  is  interspersed  with  nonhost  foliage  of 
ponderosa  pine.    Also,  there  is  probably  a  greater  range  of  natural  enemies  in  this 
community  because  of  the  mixture  of  species  and  cover  types. 

The  low  incidence  of  infestation  in  Pinus /Aratostaphylos  or  similar  wetland 
communities  may  be  due  significantly  to  physiological  differences  in  trees.     Most  of 
the  drainage  sites  are  relatively  narrow  and  were  subject  annually  to  invasion  by 
ovipositing  moths  from  the  surrounding  infested  forests.    However,  the  trees  remained 
relatively  free  of  infestation,  apparently  because  the  foliage  was  resistant  to  serious 
attack. 

In  field  and  laboratory  studies,  Tigner  and  Masoni'  found  that  lodgepole  pine 
foliage  has  variable  resistance  to  needle  miner  infestation.    Degree  of  resistance  is 
influenced  by  foliage  age,  the  location  of  foliage  in  the  crown,  and  by  tree  growing 
conditions.    These  studies  demonstrated  that  first  instar  larvae  are  significantly  more 
successful  in  mining  needles  from  basin  sites  than  from  drainage  sites.    The  same 
experiments  also  showed  that  the  top  portion  of  the  crown,  where  growth  processes  are 
particularly  active,  exhibits  a  higher  degree  of  resistance  to  infestation  than  lower  parts 
of  the  crown.    These  results  indicate  that  tree  growth  processes  have  an  effect  on  the 
quality  of  needles  available  for  mining.    Consequently,  the  physiological  state  of  a  tree 
or  stand  may  well  determine  its  degree  of  resistance  to  infestation. 

Environmental  conditions  in  the  drainage  sites  were  especially  favorable  for  tree 
growth.    This  was  reflected  in  site  index,  basal  area,  tree  density,  and  annual  incre- 
ment, all  of  which  were  significantly  higher  on  the  wet,  uninfested  sites  than  on  the 
basins.     Increased  productivity  was  apparently  due  to  the  deeper,  seasonally  wet  and 
perhaps  cooler  soils  in  the  drainages.    Surprisingly,  these  conditions  did  not  result 
in  lower  moisture  stresses  in  the  current  trees  but  must  have  had  considerable  influence 
on  tree  characteristics  and  stand  development.    A  high  water  table  and  deep  soil  appar- 
ently provided  favorable  conditions  for  the  establishment  and  growth  of  a  much  denser 
stand  of  trees  than  where  these  conditions  were  lacking.    Subsequent  shading  of  the 
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—    T.   C.    Tigner  and  R.   R.   Mason.     Resistance  to  a  needle  miner  in  lodgepole 

pine  varies  with  foliage  source.        Environmental  Entomology      (submitted  for 

publication) . 
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ground  modified  summer  temperatures  and  may  have  further  enhanced  site  quality. 
Thus,  because  of  a  combination  of  interacting  factors,  vigorous  stands  of  lodgepole 
pine  have  developed  in  the  drainages  of  an  area  which  otherwise  supports  relatively 
poor  quality  trees.     All  evidence  indicates  that  these  types  of  stands  are  physiologically 
resistant  to  heavy  needle  miner  infestation  and  defoliation. 

Obviously,  all  portions  of  a  forest  type  are  not  equally  subject  to  the  same  degree 
of  insect  infestation.    Because  of  the  complexity  of  the  variables  and  interactions  which 
affect  most  population  systems,  we  can  only  rarely  expect  to  understand  adequately  the 
processes  causing  variations  in  population  levels.    However,  from  the  management 
point  of  view,  a  useful  alternative  is  the  recognition  of  patterns  of  population  distribu- 
tion as  they  may  be  related  to  land  use,  topography,  or  stand  and  vegetational  classifica- 
tions.    Identification  of  these  relationships  should  be  valuable  for  planning  courses  of 
action  in  pest  population  management  and  for  predicting  probabilities  of  infestation. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


ii 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  --  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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RELATIONSHIP 

OF  LOG  PRODUCTION  IN 

OREGON  AND  WASHINGTON 

TO  ECONOMIC  CONDITIONS 


yy 


PACIFIC  NORTHWEST  FOREST  AND  RANGE  EXPERIMENT  STATION 
U  S  DEPARTMENT  OF  AGRICULTURE  FOREST  SERVICE 

PORTLAND  OREGON 


ABSTRACT 

Increasing    demand    for  timber  has  put  upward 
pressure     on    log     production    levels    in   Oregon    and 
Washington.       Fluctuations    in    log    production    result 
primarily  from  changes  in  national  demand  for  wood 
products.     The  log   production    cycle  with  respect  to 
business      conditions     has      become      countercyclical 
since    World   War    II.        During   the    1949-69    period, 
annual    changes    in   housing    starts,      lagged     1    year, 
were   significantly  related  to  changes  in  total    timber 
harvest  on  all  ownerships  and  to  changes  in  National 
Forest     stumpage     prices     for     all     species.      Annual 
stumpage  price  changes  were  significantly  related  to 
annual    changes    in    log    production. 

KEYWORDS:  Forestry  business  economics,    timber, 
housing,    forest  appraisal. 


INTRODUCTION 

Log  production  can  be  viewed  as  a  comprehensive  index  of  economic 
activity  in  the  timber  economy.      It  is  a  measure  of  the  total  forest  output 
required  to  meet  demands  for  all  wood  products  including  lumber,    plywood, 
and  fiber  products.      The  purpose  of  this   paper  is  to  deal  with  the  relationship 
of  business  conditions  to  fluctuations  in  log    production  in  Oregon  and  Washing- 
ton.     Understanding  the   relationship  of  economic  factors  to  Pacific  Northwest 
forest  output  should  assist  in  the  timing  of  timber  harvests  as   requirements 
for  wood  change  in  the   marketplace. 

In  this  paper,    historical  changes  in  business  conditions  and  log  production 
fluctuation  patterns  are   reviewed.      Analyses  of  some  economic  factors   related 
to  log  production  are  presented  and  economic   relationships  are  considered. 


LOG  PRODUCTION  FLUCTUATIONS 

Long-term  log  production  trends  have  been  generally  upward  in  the 
Pacific  Northwest.      Figure  1    shows  this   upward  trend  between  1879  and  1970. 
A  detailed  analysis  of  log  production  by  geographic  area  and  by  owner  group 
is  presented  in  the  Resource  Bulletin  titled  "Log  Production  in  Washington  and 
Oregon--an  Historical  Perspective"   (Wall  1972),      The  upward  trend  in  log 
production  is  the   result  of  rising  demands  for  industrial  roundwood  products 
in  the  Nation  and  the  migration  of  the  timber  industry  to  the  Pacific  Northwest 
to  fulfill  that  demand.      A  second  kind  of  movement  within  this  upward  trend 
shown  on  the  graph  is  the   short-term  fluctuation. 
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Figure  1.  — Log  production  in  Oregon  and  Washington,  1869- 1970. 


These  production  fluctuations   seem  to  have   some   relationship  to  national 
business  conditions  as  depicted  by  the  shaded  areas  of  figure   1,      In  figures   1 
and  2,    these  shaded  areas  are  contraction  periods  in  the  business  economy  as 
defined  by  the  National  Bureau  of  Economic  Research.      The  unshaded  areas  are 
national  economic  expansion  periods.      Figure   1    shows  that  until  World  War  II, 
contraction  periods  occurred  every  few  years  in  our  economy;  these  periods 
were  characterized  by  such  descriptive  names  as  the  Depression  of  1884,   the 
Panic  of  1893,    the  Silver  Campaign  Depression  of  1896-97,    the  Rich  Man's 
Panic  (around  1904),    the  Panic  of  1907,    the  Primary  Postwar  Depression  of 
the  early  1920's,    and  the  Secondary  Postwar  Depression  or  the  Great  Depres- 
sion of  the   1930's.     Since  the  mid- 1  940' s,    we  have  had  general  prosperity  with 
six  business   recessions,    the  last  of  which  began  in  late   1969.      The  year  1966 
was  a  near- recession  during  the  Nation's  longest  expansion  period,    February 
1961   through  November  1969. 

/  og  Production  Cyclical  Characteristics 
Changed  A  Iter  World  War  II 

Fluctuations  in  log  production  in  Oregon  and  Washington  with  respect  to 
business  cycles  differ  before  and  after  World  War  II.      With  the  exception  of  the 
1904-5  expansion  period,    the   so-called  Corporate  Prosperity  Period,    log 
production  in  the  early  years  tended  to  peak  with  the  general  economy.     Since 
World  War  11,    Oregon  and  Washington  log  production  has  tended  to  peak  before 
the  national  business  economy.      The  difference  in  cyclical  characteristics 
before  and  after  World  War  II  could  be  due  to  changes  in  a  number  of  factors. 
The  most  important  changes  probably  lie  in  factors  which  affect  timber  demand. 
In  the  Pacific  Northwest,    as   elsewhere,    the  demand  for  logs  is  a  derived  demand. 
In  theory,    timber  sellers'   behavior  and  timber-cutting  patterns   should  be  affected 
by  changes  in  the  demand  for  wood  products. 

Dr.    Walter  Mead  (1961)  observed  a  possible  cause  of  the  change  in  the 
postwar  years  when  significant  changes  occurred  in  the  cyclical  characteristics 
of  the  lumber  industry.      Mead  examined  the  Douglas-fir  region's  lumber  produc- 
tion and  lumber  prices  as   related  to  national  business  cycles.      He  noted  that 
"the    pro-cyclical  behavior  up  to  World  War  II  has  been  replaced  by  counter- 
cyclical characteristics"   and  that  the  degree  of  variation  in  lumber  production 
has  become  much  less   severe.      His   study  showed  that,    during  the  period 
examined,    the  shift  of  lumber  prices  was   similar  to  that  of  lumber  production. 

Mead  examined  the  interwar  and  postwar  cycles  in  residential  construc- 
tion to  see  if  similar  shifts,    such  as  found  in  lumber  production,   had  developed. 
He  said  the  principal  element  in  the  demand  for  lumber  was   construction,    account- 
ing for  75  percent  of  all  lumber  used,    with  residential  construction  alone  account- 
ing for  40  percent.      He  concluded  that  residential  construction  awards  had  become 
countercyclical  after  World  War  II,    and  he  presumed  a  causal  relationship  between 
the  new  residential  construction  awards  and  the  new  lumber  production  and  price 
patterns. 


Mead  noted  that  through  the   1  920' s  and  well  into  the  1  930' s  the  influence 
of  the  Government  on  construction  was  minimal;  but  after  World  War  II,    it 
became  important.     He  noted  that  conventionally  financed  construction  was 
found  to  be  a  stable  sector  with  a  behavior  pattern  as  often  procyclical  as 
countercyclical.      He  examined  the  Federal  programs  to  determine  if  they  had 
produced  countercyclical  results  and  concluded  that  the  countercyclical  results 
were  due,    not  to  the  exercise  of  judgment  in  altering  mortgage  terms,    but  to 
interest  rate  conditions: 

During  the  later  expansion  phase  immediately  prior  to  a  peak  in 
economic  activity  when  market  rates  of  interest  are  normally 
high,  the  spread  between  bond  yields  and  contract  FHA-VA 
interest  rates  on  mortgages  becomes  relatively  unattractive  to 
investors,  and  mortgage  money  tends  to  avoid  the  federally 
insured  market.  Borrowers  are  left  with  high  downpayment 
conventional  alternatives.  As  a  result,  new  mortgages  issued 
during  tight  money  periods  decline.  Conversely  during  a  reces- 
sion, market  rates  of  interest  decline  as  the  Federal  Reserve 
System  acts  to  produce  monetary  ease.  FHA  and  VA  mortgage 
paper  becomes  relatively  attractive.  Thus,  Federal  Reserve 
monetary  policy  and  interest  rate  factors  make  an  important 
contribution  to  the  observed  post-war  countercyclical  pattern 
of  residential  construction  and,  therefore,  to  the  new  patterns 
of  cyclical  behavior  in  lumber  production  and  price. 

To  some  extent,    log  production  fluctuations  probably  can  be  attributed  to 
the  factors  examined  by  Mead.      Figure   2  shows  log  production  and  selected 
business  indicators  including  housing  starts,    personal  disposable  incoine,    bond 
yields,    FHA  new  home  mortgage  yields,    and  National  Forest  Region  6  stumpage 
prices  for  all  species  (U.S.    Congress,    Joint  Economic  Committee   1971,    Darr 
1970).      Unfortunately,    as   log  production  data  are  on  an  annual  basis,    direct 
analysis  with  monthly  data  is  impossible.      The  figure  shows  that  annual  log 
production,    housing  starts,    and  stumpage  prices  have  similar  and  roughly 
coincidental  cycles.      FHA  mortgage  yields  for  new  hoixies  tend  to  reflect  the 
easing  of  money  in  the  early  periods  of  economic  expansion  and  the  high  price 
of  money  in  the  later  periods;  these  mortgage  yield  patterns  tend  to  run  some- 
what counter  to  housing  starts,    stumpage  prices,    and  log  production. 


Analysis  of  Log  Production  C flanges 

A  statistical  analysis  determined  relationships  among  changes  in  log 
production  and  changes  in  FHA  yields,    housing  starts,    and  Region  6  National 
Forest  stumpage  prices.     It  was  hypothesized  that  log  production  changes  on 
an  annual  basis   respond  inversely  to  changes  in  the  price  of  mortgage  money 
(FHA  yields)  and  directly  with  actual  new  housing  starts. 
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Figure  2.— Total  log  production  and  selected  business  indicators. 


Figure    3    shows    the    annual    change    in    log    production    in   Oregon    and 
Washington  related  to  the  annual  change  in  FHA  mortgage  yields   in  the  United 
States.      The  plotted  points,    as  expected,    indicate  the  tendency  for  large 
increases  in  FHA  yields  to  be  associated  with  lagged  declines  in  log  production 
and  declines  in  FHA  yields  to  be  associated  with  lagged  increases  in  log  produc- 
tion.    However,    small  changes  in  yields  were  associated  with  both  increases 
and  decreases  in  log  production.      The  relationship  of  lagged  log  production  to 
FHA  yields  was  not  significant  at  the   5-percent  level,    but  the  margin  of  rejec- 
tion was  very  small  (i.  e.  ,    it  would  have  been  significant  at  approximately  the 
6-percent  level  with  an  R     of  0,  20). J.'      This  means  that  very  little  of  the  annual 
change  in  log  production  can  be  explained  by  an  annual  change  in  yields  on  FHA 
mortgages. 


1.0 -.80  -.60  -.40  -.20      0  +.20  t40  +.60  t.80     1.0 
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Figure  3. -Change  in  Washington  and  Oregon  log  production  related  to  the 
change  in  FHA  mortgage  yields,  lagged  1  year,  for  the  1949-69  period. 


'  R^  is  the  coefficient  of  determination  which  is  a  measure  of  how  well  the  regression  line  fits  the  sample  data.  R 
is  the  proportion  of  the  variation  in  the  dependent  variable  which  is  associated  with  the  independent  variable. 


Next,    the  relationship  between  changes  in  log  production  and  changes  in 
housing   starts,    lagged  1   year,    was  tested  (fig.    4),      This   relationship  is   signifi- 
cant at  the   5-percent  level  with  an  7?^   of  0.  24,      The  curve  form  is  linear.      The 
graph  and  data  indicate  that  annual  changes  in  housing  starts  by  themselves  do 
not  explain  very  much  of  the  variance  in  annual  log  production  and  thus  would 
not  make  a  good  predictor  of  log  production  fluctuations. 
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Figure  4.— Change  in  Washington  and  Oregon  log  production  related  to  the 
change  in  national  housing  starts  (nonfarm),  lagged  1  year,  for  the  1949-69 
period. 


Figure   5  shows  the   relationship  between  annual  changes  in  Oregon  and 
Washington  log  production  and  annual  changes   in  National  Forest  stumpage 
prices  during  the   1949-69  period.      These  data  are  not  lagged.      Lagged  relation- 
ships were  not  significant.      This  linear  production-price   relationship  is  signifi- 
cant at  the   1 -percent  level  with  an  R"  of  0.  41.      There  was   a  tendency  toward  no 


change  in  log  production  with  no  change  in  stumpage  prices  during  the   1949-69 
period.      A  positive  increment  in  stumpage  price  of  $5  per  thousand  board  feet 
(Scribner)  tended  to  be  associated  with  a  log  production  increase  of  about  800 
million  board  feet  (International  1/4- inch  scale)  during  this  period.      The  figure 
suggests  that  there  would  tend  to  be  an  800-million-board-foot  decline  in  total 
log  production  in  a  year  when  price  was  down    $5  per  thousand  in  the  National 
Forest  stumpage  markets  of  the  Pacific  Northwest. 
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Figure  5.— Change  in  Oregon   and  Washington   log  production   related  to  change  in 
Region  6  all-species  stumpage  prices  (1957-59  dollars)  for  the  1949-69  period. 
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Figure  6  shows  the   relationship  between  annual  changes  in  Region  6 
stumpage  prices  and  changes  in  housing  starts  (lagged  1   year).      This  linear 
relationship  is  significant  at  the  1 -percent  level  with  an   R'^  of  0,46.      Curvilinear 
relationships  were  tested  and  were  not  significantly  better  in  terms  of  fit.      The 


curve  indicates  that  an  increase  of  200,  000    housing  units  in  the   United  States 
tends  to  be  associated  with  a  stumpage  price  increase  in  the  Pacific  Northwest, 
a  year  later,    of  a  little  more  than  $5.  50.      A  decrease  in  starts  of  ZOO,  000  units 
is   associated  with  a  price  decline  of  about  $Z.  50. 
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Figure  6.— Change  in  Region  6  all-species  stumpage  prices  (1957-59  dollars)  related  to 
change  in  housing  starts  in  the  United  States,  lagged  1  year,  for  the  1949-69  period. 


The  curve  in  figure   6  does  not  pass  through  the  origin;   and  as  a   result,    a 
zero  change  in  housing  starts  is  associated  with  a  slight  stumpage  price  increase 
even  though  stumpage  prices  have  been  deflated.      This   suggests  that  even  if 
housing   starts  had  not  changed  during  the    1949-69  period,   stumpage  prices  would 
have   risen,    probably  because  foreign  log  exports  from  Oregon  and  Washington 
increased.      Also,    the  demand  for  pulp  in  the  Pacific  Northwest   rose,    resulting 
in  substantially  higher  wood  fiber  consumption.      The  large  increases   in  wood 
consumption  for  pulp  have  been  mostly  in  the  form  of  sawmill  coarse   residues 
and  some  sawdust.      As  a  result  of  improved  utilization,    value  has  been  added 
to  logs  over  tinie,    and  this  has  been   reflected  in  rising   stumpage  prices.      Wood 
such  as   shavings  has  gone  into  particleboard,    also  increasing  log  value.      But 
these  value  increases  also  might  be  associated  with  the  cyclical  characteristics 
of  housing   starts   and  may  not  be   reflected  by  the  portion  of  the  curve  in  figure   6 
which  lies   above  the   zero  axis. 
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A   sequence  of  economic  events   probably  links  housing   start  changes  with 
changes   in   stumpage  prices  as  well  as  with  changes   in   log   production  in  the 
Pacific  Northwest.      As  the  construction  of  homes   fluctuates   in  the   United  States, 
inventories   of  construction  materials   also  change.      For  example,    assume  that 
housing   starts  increase  for  an  extended  period  of  time.      At  first,    retailers  and 
wholesalers  would  draw  down  their  inventories,    including  lumber  and  plywood, 
to  meet  the   rising  demand.      Eventually,    these   entrepreneurs   would  have  to 
order  more  lumber  and  plywood  as   stocks    run  low  and  as  they  become  convinced 
that  the  demand  for  wood  will  remain   strong.      The  managers   of  sawmills  and 
plywood  plants  acting  independently  will   see  that  prices   are    rising  and  that   orders 
are  increasing.      They,    in  turn,    will  probably  increase   mill  production  to  fill  the 
increased  orders  as  their  inventories  of  lumber  and  plywood  begin  to  decline. 
Increased  miill  production  will  draw  on  log  inventories.      As   log  inventories  begin 
to  decline,    the  company  will  move  to   replenish  the  supply  through  harvesting 
and  timber  purchasing.      In  this  example,    one  might  expect  both  timber  harvesting 
and  stumpage  prices  to  rise  under  conditions   of  competition  and   resource   scarcity. 
However,    since  not  all  wood  goes  into  home  construction,    one  would  not  expect 
all  the  log  production  and  stumpage  price  variation  to  be  explained  by  these 
events  beginning  with  a  change  in  housing  starts. 

If  there  are  a  large  number  of  firms   in  the   industry,    if  there   is   freedom 
of  entry,    and  if  the  products   are  similar,    the  conditions  of  competition  exist   in 
the  lumber  economy  and  the  product  prices   are  determined  by  the  market.      One 
would  expect  the  demand  curve  as   seen  by  the  lumber  firm  to  be   fairly  elastic. 
Mead  (1966)   found  that  these  conditions  do  exist  at  the  lumber  production  and 
wholesale  distribution  levels   of  the  lumber  economy.      In  the  same  study,    he 
examined  competition  for  Federal  timber  in  local  markets   and  concluded  that 
this  market  was  oligopsonistic,    a  situation  in  which  there  are  few  buyers   of  a 
factor  of  production. 

As  the  hypothetical  exaniple  illustrated,    the  demand  for  logs   and  stumpage 
is  derived  froni  the  demand  for  end  products.      Hamilton  (1970)   said  that  one 
would  expect  that  fluctuation  in  prices  for  final  products  would  produce   similar 
price  fluctuations  in  the   stumpage  market.      One  characteristic  of  derived  demand 
is  that  its  elasticity  is   usually  less  than  the  elasticity  of  the  demand  schedule 
from  which  it  is  derived.      He   reasoned  that  since  the  demand  for  final  products 
facing  firms  in  individual  timbersheds  is   very  elastic,    the  demand  for   stumpage 
should  also  be  elastic. 

Hamilton  tested  the  hypothesis  that  fluctuations  in  the  general   price  of 
wood  products  would  have  a  positive  influence  on  National   Forest  stumpage 
prices.     He  noted  that  the  Forest  Service  appraisal  procedure  used  in  setting 
a  lower  limit  on  stumpage  prices  is  designed  to  take  account   of  end  products 
price  fluctuations.      His  hypothesis  was  that  one  would  expect  the   same   relation- 
ship between  bid  and  appraised  prices  as  between  bid  and  final  product  prices. 
Hamilton  obtained  a  coefficient  of  correlation  of  0.87  and  a  coefficient  of  deter- 
mination of  0.  75  in  testing  for  a  correlation  between  bid  and  appraised  prices 
over  the   1951-68  period.      He  concluded  that  final  product  prices  have  a  strong 
influence  on  the  prices  bid  for  stumpage. > 


Given  the  evidence  and  assumptions  about  the  nature  of  demand  for  stump- 
age,    one  would  expect  National  Forest  stumpage  prices  to   reflect  those  on  other 
ownerships.     A  discrepancy  among  stumpage  values   for  different  forest-land 
ownerships  would  tend  to  approach  equilibrium  under  the  assumed  existence  of 
open  markets,    competition,    a  large  demand,    and  a  limited  supply  of  wood.      In 
the  past  two  decades,    these  conditions  generally  have  existed  in  the  Pacific 
Northwest,    even  though  this  may  not  be  the  case  for  specific  local  marketing 
areas.      Based  on  the  above  reasoning,    National  Forest  stumpage  prices  have 
been  accepted  as  a  proxy  for  stumpage  values  on  all  forest-land  ownerships. 

Figure  7  shows  the   relationship  between  Region  6  stumpage  prices  and 
total  log  production  in  Oregon  and  Washington  for  the  1949-69  period.      Individual 
plotting  points  for  each  year  have  been  identified  and  connected.     The   resulting 
general  line  patterns  are  formed  sloping  upward  to  the  right,    and  this   suggests 
that  higher  prices  tend  to  be  associated  with  larger  quantities  of  wood  produced. 
The  observation  is  consistent  with  earlier   results  that  both  price  and  log  produc- 
tion are   related  to  advanced  rising  home  construction. 

The  points   shown  in  figure  7  each  represent  the  intersections  of  supply 
and  demand  curves  during  the   1949-69  period.      Each  point  represents  the  aver- 
age supply-demand  equilibrium  position  for  a  year,    but  over  the   21 -year  period 
the  equilibrium  positions  have  been  shifting.      Instability  of  demand  and  supply 
accounts  for  the   relationship  which  is  formed  on  such  a  price-quantity  scatter 
diagram.      The  pattern  sloping  upward  to  the  right  is  characteristic  of  some 
industrial  products  where  demand  fluctuates  widely  and  the  conditions   of  supply 
are  relatively  stable. 

By  contrast,    a  curve  sloping  downward  to  the  right  is  common  in  the 
agricultural  sector  (Shepherd  1968).      In  agriculture,    often  the  demand  for  a 
product  is  fairly  constant.     If  the  supply  curve  shifts  back  and  forth  from  year 
to  year,    it  would  trace  out  an  intersection  of  points  forming  a  demand  curve  on 
a  single  line.     Such  a  line  usually  slopes  downward  to  the   right  and  may  repre- 
sent an  average  demand  curve  for  some   specified  period  of  time. 

In  figure  7,    probably  the   reverse  of  the  agricultural  situation  is  true,    for 
the  relation  between  production  and  price  is  positive.      If  supply  conditions  were 
very  stable,    the  fluctuations  in  the  demand  for  logs  would  trace  out  a  rough 
scatter  of  a  supply  curve.     However,    an  average  supply  curve  for  logs  has  not 
been  calculated  and  drawn  because  the  scatter  is  not  tight,    reflecting  the  fact 
that  the  conditions  of  supply  have  changed  over  time  in  the  Pacific  Northwest. 
Whereas  one  inight  argue  that  supply  didn't  change  a  great  deal  during  the 
1958-68  period,    the  graph  does,    however,    indicate  that  supply  probably  shifted 
in  the  196Z-64  period.      This  was  the  period  when  National  Forest  allowable  cuts 
and  harvests  increased  and  when  the   1962  Columbus  Day  storm  blowdown  was 
harvested  on  a  number  of  ownerships.      Also,    supply  shifted  upward  to  the  left 
between  1968  and  the  end  of  1969. 


10 


£  60 

z 

CO 

w  50 


<  Q 

Q.  CC 
^^ 

u-  Z 

o< 


40 


30 


20. 


cc 
111 
Q. 

CO 

5    10 

—I 
—I 

o 
o 


a_ 


12 


18 


20 


14  16 

LOG  PRODUCTION 
(BILLION  BOARD  FEET, 
INTERNATIONAL  y4-INCH  RULE) 


Figure  7.— Quantity  of  logs  produced  and  deflated  all-species  stumpage 
prices  (Region  6)  in  Oregon  and  Washington,  1949-69. 


Log  production  fluctuations  are  affected  by  a  number  of  factors  which  are 
not  explored  here.      For  example,    labor  strife  or  expected  strikes   can  affect 
production.      Expectations,    weather,    large  changes  in  plant  capacity,    changes 
in  allowable  cuts,    and  changes  in  sales  procedures  could  cause  a  change  in 
production.      These  other  factors  which  affect   supply  cause  variation  in  production 
and  tend  to  add  variation  to  the   relationships  which  were   studied  with  respect  to 
factors   of  demand.      The  lack  of  monthly  and  quarterly  log  production  data  pre- 
cludes more  detailed  study  to  a  considerable  extent.      However,    the  availat:)le  log 
production  data  are  an  important  index  of  the  economic   activity  of  the  tinilj(>r 
industry  in  the  Pacific  Northwest. 

It  does  appear  that  the  fluctuations   in  log  production  are  influenced  by 
national  business  conditions,    especially  those  which  affect  wood  products  demand. 
Changes  in  housing  starts  partially  account  for  log  production  and  stumpage  price 
fluctuations  in  the  Pacific  Northwest.      This  accounts  for  the  peaking  of  Pacific 
Northwest  log  production  and  stumpage  prices   before  general  business  activity 
in  the  Nation. 


SUMMARY 

In  the  history  of  the  Pacific  Northwest,    log  production  and  conversion 
have  been  major  economic  activities.      The  long-term  trends   in  timber  harvest- 
ing have  been  upward,    and  most  of  the  harvest  has  come  from  large  old- growth 
forest  inventories.      National  and  international  demands  for  timber  have  been  a 
major  upward  pressure  on  log  production  levels. 

Fluctuations  in  Pacific  Northwest  log  production  with  respect  to  business 
cycles  differ  after  World  War  II  compared  with  before.      Federal  Reserve 
monetary  policy  and  interest  rate  factors  contribute  to  the  countercyclical 
pattern  of  residential  construction,    lumber  production,    and  log  production  since 
World  War  H. 

The  fluctuations   in  log  production  are  primarily  the   result  of  changes  in 
the  complex  pattern  of  demand  for  wood  products   nationally.      In  this   study  it 
was  deterniined  that  there  was  no  significant  relationship  between  the  annual 
change  in  log  production  and  the  annual  change  in  yields  on  FHA  inortgages, 
lagged  1   year,    during  the   1949-69  period.      However,    there  was  an  observed 
tendency  for  large  inortgage  yield  increases  to  be  associated  with  log  produc- 
tion declines.      It  was  found  that  during  this   period,    annual  changes  in  housing 
starts,    lagged  1    year,    were   significantly  related  to  changes   in  total  timber 
harvest  on  all  ownerships  and  to  changes  in  National  Forest  all- species   stump- 
age  prices.      Rising  home  construction  in  1    year  is   related  to   rising  log  produc- 
tion and  stumpage    prices   in  the   following  year.     However,  statistical  tests  of 
these  relationships   revealed  that  the  coefficients  of  determination  were  not  very 
high,    and  thus  these   relationships,    by  themselves,    would  not  make  good  pre- 
dictors  of  the  magnitude  of  annual   log  production  fluctuations.      The   study  showed 
that  annual  log  production  changes  were   significantly  related  to  annual  changes 
in  stumpage  prices.      Rising  log  production  is   related  to  rising  stumpage  prices. 
It  appears  that  even  though  timber  harvests   on  individual  ownerships  have 
changed  greatly,    the  total  economic   supply  of  logs   from  all  forest-land  owner- 
ships in  Oregon  and  Washington  has  been   relatively  stable  during  the   1949-69 
period,    but  conditions   of  short-term  supply  shifts  were   observed. 

Even  though  supply  appears   fairly  stable,    the  variation   in  log  production 
is  to  a  considerable  extent  accounted  for  by  demand  variables   not  examined  in 
this   study.      Further  research  using  other  variables  and  using  multiple   regres- 
sion techniques  would  be  needed  in  an  effort  to  account   for  more   of  the  log 
production  variation.      Even  so,    this   study  does  indicate  that  changes   in  annual 
housing   starts,    lagged   1    year,    are  an  important  variable  in  accounting  for 
annual  changes  in  log  production  and  stumpage  prices. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Forest  managers  are  faced  with  increasingly  complex  situations  which  often  render 
existing  planning  procedures  inadequate.      Operations  research  techniques  such  as 
mathematical  programing  are  being  explored  as  possible  aids.    In  this  study,  a  mathe- 
matical programing  technique  is  used  as  the  basis  for  a  systematic  framework  for  plan- 
ning commercial  thinning  operations.     This  systematic  approach,  termed  "the  unit 
approach"  because  thinning  opportunities  are  defined  as  harvesting  units,  is  demon- 
strated, tested,  and  compared  with  existing  planning  methods  which  are  characterized 
by  the  term  "rules  of  thumb. " 

The  systematic  approach  utilizes  information  from  a  Bureau  of  Land  Management 
special  study  area  of  50, 000  acres  in  western  Oregon.    The  results  show  that  the  syste- 
matic approach  provides  managers  with  an  improved  framework  for  documenting  infor- 
mation, optimizing  thinning  programs,  and  testing  the  consequences  of  different  planning 
strategies  and  situations.    Although  the  systematic  approach  did  not  yield  dramatic 
dollar  gains  in  this  study,  the  potential  for  obtaining  sizable  benefits  exists,  particularly 
in  larger,  more  complex  planning  situations.     The  major  obstacles  to  implementing  the 
unit  approach  seem  to  be  finding  or  training  qualified  people  and  the  costs  of  establish- 
ing the  system. 

KEYWORDS:    Thinning  (trees),  programing  (computers),  Douglas-fir, 
forest  management. 


IJSTRODICTION 


Study  Objective 


Forest  Management  and 

Operations  Research 

Forest  managers  today  are  faced 
with  increasingly  complex  planning  situa- 
tions brought  on  by  such  factors  as  the 
growing  public  demands  on  the  forest 
resource,  the  transition  from  an  old-growth 
to  a  young- growth  forest  resource,  and  the 
need  to  increase  productivity  from  a  shrink- 
ing forest  land  base.     Many  managers  have 
found  existing  planning  procedures  inade- 
quate. 


The  objective  of  the  study  was  to 
develop,  demonstrate,   and  evaluate   a 
systematic  approach  to  planning  annual 
commercial  thinning  operations  that  could 
be  used  to  obtain  optimal  progi'ams. 
"Optimal"  was  defined  in  terms  of  economic 
criteria.    A  further  objective  was  to  test 
the  consequences  (sensitivity  analysis)  of 
different  management  strategies  and  of 
changes  in  the  planning  situation  (e.g.  , 
increases  in  stumpage  prices). 

Four  major  steps  were  required  to 
accomplish  the  objectives. 


Therefore,  foresters  are  beginning 
to  explore  a  branch  of  applied  science 
known  as  operations  research.     Operations 
research  is  a  general  term  referring  to 
a  wide  range  of  methods  with  application  to 
a  large  array  of  problems.     In  the  study 
reported  here,  emphasis  was  placed  upon 
the  particular  group  of  operations  research 
methods  commonly  referred  to  as  mathe- 
matical programing.     Mathematical  pro- 
graming methods  are  used  to  solve  manage- 
ment problems  where  it  is  useful  to  know 
the  optimal  or  "best"  solution  and  where 
managers  must  choose  from  among  a  large 
number  of  alternatives  while  being  subject 
to  a  number  of  complicating  and  sometimes 
conflicting  resource  limitations  and  other 
restrictions. 


1.  A  situation  involving  the  planning  of  an 
annual  commercial  thinning  program 
was  described  and  modeled. 

2.  An  economic  criterion  was  selected, 
and  a  mathematical  programing  proce- 
dure was  employed  to  select  optimal 
programs  and  to  conduct  sensitivity 
analysis. 

3.  A   case  study  area  was  used  to 
demonstrate  the  optimizing  approach. 

4.  The  systematic  planning  approach  was 
evaluated  to  determine  its  value  in 
current  planning  efforts. 


The  evaluation  in  step  4  was  designed 
to  answer  two  specific  questions: 


In  this  paper,  mathematical  program- 
ing is  used  as  the  basis  for  a  systematic 
framework  for  planning  commercial  thin- 
ning programs;  however,    the  approach 
used  should  be  of  interest  for  planning 
other  forest  management  activities.    The 
intent  of  this  report  is  to  demonstrate  a 
procedure — based  upon  an  operations  re- 
search technique — that  will  be  of  some 
value  in  designing  more  efficient  systems 
for  future  forest  management  planning. 


1.  How  does  the  new  planning  procedure 
compare  in  performance  and  results 
with  existing  methods  of  planning? 

2.  What  problems   are  involved  with 
implementing  the  new  approach? 

The  study  was  carried  out  in  coopera- 
tion with  the  U.  S.  Bureau  of  Land  Mimage- 
ment  (BLM),  with  its  Tillamook  Resource 
Area  at  Tillamook,  Oregon,  serving  as  a 
case  study  area. 


PLANNING  THINNING  PROGRAMS 

Basic  Steps  in  Planning 

A  manager  with  the  task  of  planning 
an  annual  thinning  program  has  many 
things  to  consider.     These  considerations 
are  presented  below  in  the  form  of  nine 
basic  steps  that  would  be  involved  in 
planning.     It  is  suggested  that  foresters 
intuitively,  if  not  consciously,  follow  these 
steps. 

1.  Determine  objectives.    Just  what  is 
to  be  accomplished  by  thinning? 
What  objectives  of  the  organization 
does  thinning  promote? 

2.  Select  criterion.    What  standards 
shall  represent  our  objectives?    Can 
we  use  a  dollar  criterion  such  as 
present  net  worth  or  benefit  cost, 

or  is.  a  standard  based  on  volume 
yield  more  appropriate? 

3.  Identify  thinning  opportunities.—/ 
What  stands  or  harvest  units  are 
available  this  year,  and  where  are 
they  located? 

4.  Evaluate  thinning  opportunities. 
What  does  each  stand  or  unit  con- 
tribute toward  the  objectives? 

5.  Identify  constraints.    What  are  the 
limitations  on  available  funds  and 
manpower?    Must  consideration  be 
given  to  the  number,  size,    and 
location  of  sales? 

6.  Choose  a  selection  procedure.     How 
will  the  choice  among  thinning  oppor- 
tunities be  made  ?    How  will  relevant 
constraints  be  accounted  for? 


7.  Select  program.     Is  the  combination 
of  thinning  opportunities  the  best? 
If  not,  is  it  workable?    Was  proper 
account  made  of  constraints? 

8.  Evaluate  change  in  basic  assumptions. 
What  is  the  effect  of  changes   in 
stumpage  prices?    discount  rates? 
thinning  practices? 

9.  Evaluate  change  in  constraints. 
What  is  the  effect  of  changes  in 
funding?    market  locations  ? 
environmental  requirements  ? 

Program  Selection  Problems 

Forest  managers  have  developed 
various  procedures  to  cope  with  the 
planning  steps  listed  above.     These  pro- 
cedures may  be  systematic  and  well 
documented  up  to  the  point  where  thinning 
opportunities  are  to  be  selected  for  inclu- 
sion in  the  program.    At  this  point,  how- 
ever, choosing  a  workable  program  may 
become  a  difficult  problem,  especially 
as  the  number  of  constraints  and  oppor- 
tunities increase. 

In  order  to  develop  workable  thinning 
plans,  foresters  generally  resort  to  a 
combination  of  intuitive  and  explicit  judg- 
ments, which  in  this  study  will  be  referred 
to  as  "rules  of  thumb.  "    Examples— ^  are: 

1.  Oldest  stands  are  thinned  first.     For 
example,  stands  aged  70  would 
probably  be  thinned  before  stands 
aged  60. 


Thinning  opportunities  are  defined  as  stands  of 
young-growth  Douglas-fir  which  could  be  thinned 
commercially.  Opportunities  may  differ  on  the  basis  of 
age,  size  class,  etc.  Later,  opportunities  will  be  defined 
as  specific  thinning  harvest  units. 


^  These  examples  were  provided  by  BLM  foresters  In 
Tillamook,  Oregon,  as  representative  of  the  considera- 
tions that  guide  the  selection  of  stands  for  thinning.  In 
the  context  of  this  study,  rules  of  thumb  should  be 
considered  as  being  undocumented  judgments  arising 
from  the  manager's  assessment  of  economic,  silvi- 
cultural,  environmental,  and  other  factors  that  bear 
upon  the  conduct  of  thinning  operations. 


2.  Larger  diameter  classes  are  pre- 
ferred over  smaller  classes.      For 
example,    a  stand  60  years  of  age 
in  size  class  4  would  be  preferred 
to  a  stand  60  years  of  age  in  size 
class  3. 

3.  Stands  on  gentle  slopes  are  pre- 
ferred to  stands  on  steeper 
slopes. 

4.  In  general,    stands  gain  in  prefer- 
ence as  the  amount  of  road  con- 
struction required  to  develop  them 
decreases. 

5.  Stands  where  access  rights  are 
clearly  established  are  preferred 
to    stands    where    access  rights 
are  not  clear  or  not  yet  estab- 
lished. 

6.  Stands  gain  in  preference  as  their 
degree  of  basal  area  stocking 
increases. 

7.  Especially  small  thinning  tracts 
(generally  under  20  acres)  tend 
to  be  avoided  in  favor  of  larger 
tracts. 

8.  Where  property  lines  are  impor- 
tant, stands  with  established 
comers  are  preferred  to  those 
with  ill-defined  corners. 


Rules  of  thumb  like  these  have 
served  and  continue  to  serve  a  useful 
purpose  in  management  decisionmaking. 
However,    it  should  be  recognized  that, 
basically,  they  are  practical  guidelines 
developed    by    foresters    working    on 
individual  parts  of  the  thinning  program. 
Although  the  rules  may  be  very  sound 
for  particular  areas  of  the  forest, 
they  may  not  be  applicable  to  the 
whole  forest.       Consequently,    a  plan- 
ning procedure  based  solely  upon 
rules  of  thumb  may  overlook  important 
constraints,    thinning  opportunities, 
and  questions. 


OPERATIOyS  RESEARCH 
APPLIED  TO 
TH  INN  I  ISC  PROCKiM  PLimiNC 

Mathematical  Programing— 

A  Problem  Solving  Procedure 

Mathematical  programing  is   a 
problem  solving  procedure    potentially 
applicable  to  solving  many  complex 
forest  management  problems   in  much 

less  time  and  with  much  more  accuracy 

3/ 
than  in  the  past.—      Mathematical  pro- 
graming encompasses  several  specific 
methods  designed  for  special  problem 
situations.    One  of  the  better  known  of 
these  methods  is  linear  programing. 
Some  others  are  dynamic  programing, 
integer  programing,  and  zero-one 
integer  programing.     Zero-one  integer 
programing  was  used  as  the  basis  for  the 
planning  system  developed  for  this  study. 

Although  mathematical  programing 
methods  are  based  upon  mathematical 
theory,  some  of  the  actual  procedures, 
such  as  linear  programing,  require  only 
a  limited  background  in  mathematics. 
In  fact,  small  problems  can  be  solved 
by  hand,  using  some  of  these  proccdui'es. 
Most  practical  problems,  however,   are 
too  large  for  hand  calculation  and  require 
electronic  computers  to  obtain  accurate 
solutions  in  a  reasonable  time. 

Although  mathematical  programing 
procedures  differ  in  their  compositions 
and  functions,  they  are  designed  for 
problems  that  share  certain  important 
characteristics.     Some  of  the  major 


^  For  readers  further  interested  in  mathematical 
programing  approaches  to  forest  management  problems, 
a  bibliography  of  such  literature  has  been  included. 


elements  that  characterize  mathematical 
programing  problems  are  listed  below. 

1.  The  problem  to  be  solved  requires 

a  "best"  answer  or,  in  mathematical 
programing  terms,  optimization. 
In  order  to  achieve  this,  one  manage- 
ment objective  is  specified  for  opti- 
mization (either  maximization  or 
minimization),  a  criterion  is  chosen 
to  represent  the  objective,  and  all 
opportunities  are  evaluated  in  terms 
of  this  criterion. 

Examples  of  possible  managerial 
objectives  as  they  might  apply  to 
thinning  program  planning  are: 

a.  Maximize  both  present  and  future 
returns  to  the  investment. 

b.  Minimize  annual  costs  of  thinning 
sales  preparation. 

c.  Maximize  average  annual  volume 
yields  on  the  forest  through 
thinning. 

2.  There  are  constraints  on  the  opera- 
tions and  on  the  resources  at  the 
manager's  disposal.     For  example: 


no  fewer  than  10  sales. 
c.  Those  that  require  specific  levels, 
e.  g.  ,  the  thinning  program  will 
consist  of  exactly  10  sales. 

3.   The  manager  must  have  alternative 
means  of  attaining  his  objective. 
For  example,   a  manager  may  have 
100  distinguishable  thinning  oppor- 
tunities from  which  he  must  choose 
20  for  thinning  in  the  coming  year. 
The  mathematical  program  will 
select  the  optimal  combination  of 
these  opportunities  subject  to  the 
limitations  imposed  by  specified 
constraints. 

A  Planning  System 

Based  on  Harvest  Units 

In  the  planning  approach  developed 
for  this  study  (fig.    1),   a  thinning  oppor- 
tunity is  defined  as  a  harvesting  unit 
which  would  be  purchased  and  thinned  by 
one  buyer.     Managers  would  be  required 
to  determine  the  total  number  of  units 
available  in  the  planning  year  and  then  to 
select  the  best  combination  of  thinning 
units  for  inclusion  in  the  annual  plan. 


a.  There  are  limitations  on  the  level 
of  expenditures  permissible  on 
thinning  sale  preparation. 

b.  A  ceiling  is  placed  on  the  volume 
that  can  be  harvested  through 
thinning. 

c.  Thinning  sales  must  be  scattered 
around  the  forest  to  avoid  adverse 
environmental  effects. 


Using  mathematical  programs  such 
as  linear  programing  (LP)  to  select  the 

best  combination  of  thinning  harvest  units 

4  / 
can  involve  solutions  with  fractional  units.— ^ 


Constraints  can  take  one  of  three  forms: 

a.  Those  that  set  a  maximum,  e.g., 
no  more  than  $75,  000  can  be 
spent  on  thinning  sales  prepara- 
tion. 

b.  Those  that  set  a  minimum,  e.g. , 
the  thinning  program  will  contain 


"Hall  (1967,  p.  470)  has  recognized  the  problem  of 
obtaining  solutions  stated  in  fractions  of  units  rather 
than  in  whole  units: 

Treatment  of  fractional  blocks  as  prescribed  by  LP 
solutions  is  often  impractical,  and  simple  rounding  of 
acreages  to  whole  blocks  may  invalidate  the  entire 
optimization  for  which  the  model  was  formulated. 
Efforts  to  schedule  real  blocks  of  land,  rather  than 
homogeneous  but  disconnected  acres,  require  modifi- 
cation toward  integer  programming,  where  tech- 
niques are  still  developmental. 


Uniti  I 

80  acres  i 

/ 1 


/ 


Unit  4 
60  acres 


Unit  2 
100  acres 


Units 
70  acres 


/ 


Figure  1.— The  unit  approach.  Forest 
types  eligible  for  thinning  are  divid- 
ed into  identifiable  thinning  units. 
Units  are  given  identifying  num- 
bers. Program  solutions  will  indi- 
cate which  units  should  be  thinned. 


This  means  that  the  optimal  solution  may 
be  composed  of  parts  of  logical  harvesting 
units  rather  than  whole  units.    Applied  to 
the  ground,  these  unit  fractions  may  not 
be  economical  or  even  technically  feasible 
as  harvesting  operations. 

In  order  to  eliminate  problems  of 
fractional  units,  a  mathematical  programing 
procedure  known  as  zero-one  integer  pro- 
graming was  used.    This  procedure  is  spe- 
cifically designed  to  handle  problems  requir- 
ing solutions  in  whole  units.    Basically  a 
yes  (one)  or  no  (zero)  decision  is  involved 
with  respect  to  a  particular  unit's  inclu- 
sion in  the  optimal  solution.     The  zero-one 
integer  programing  procedure  was  the 
basis  for  the  thinning  planning  approach 
hereafter  referred  to  as  the  unit  approach. 

PLAISNING  COMMERCIAL 

THumrncs  ois  the  blms 

TILLAMOOK  RESOURCE  AREA 

Application  of  the  unit  approach  was 
carried  out  in  cooperation  with  the  U.  S. 
Department  of  Interior,  Bureau  of  Land 


Management,  on  its  Tillamook  Resource 
Area  (fig.   2)  located  in  Tillamook  and 
Yamhill  Counties  and  comprising  approxi- 
mately 50,000  acres  of  young- growth 
timber.     Tillamook  Resource  Area  is  an 
administrative  subunit  of  the  BLM's  Salem 
(Oregon)  district  which,  in  addition  to 
the  usual  administrative  functions,   is 
managed  for  the  purpose  of  field  testing 
and  evaluating  the  feasibility  of  various 
land  management  methods  applicable  to 
young-growth  forests  of  the  Douglas-fir 
region  of  western  Oregon.     In  fiscal  year 
1969,  commercial  thinning  was  one  of 
the  major  timber  management  activities 
on  the  Tillamook  Resource  Area,   account- 
ing for  about  45  percent  of  a  total  timber 
harvest  of  48  million  board  feet. 

Thepurposeof  this  section  will  be  to 
describe  how  the  unit  approach  was  applied 
to  the  problem  of  selecting  an  annual  thinning 
programfor  the  Tillamook  Resource  Area. 
The  basic  steps  are  described  on  page  2. 
The  development  of  this  section  generally 
follows  these  steps  beginning  with  the 
definition  of  the  objective. 
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Figure  2.— Tillamook  Resource  Area. 


Preparing  the  System 

SELECTION  OF 
OBJECTIVE 
AND  CRITERION 

Each  thinning  unit  must  be  evaluated 
in  quantifiable  terms  before  it  can  be  in- 
cluded in  a  mathematical  programing  for- 
mat.    This  means  that  a  criterion  must  be 
selected  to  represent  the  contribution  of 
each  thinning  unit  to  management's  objec- 
tive.    However,  before  a  criterion  can  be 
selected  the  objective  in  thinning  must  be 
determined. 

For  the  purposes  of  this  study,  it 
was  assumed  that  the  major  objective  of 
thinning  would  be  to  increase  financial 
yields.     This  would  be  done  primarily 
through  increased  volume  and  improved 
timber  quality.     The  criterion  chosen  to 
represent  the  financial  objective  was  the 
maximization  of  present  net  worth.     Each 
unit  was  evaluated  in  terms  of  the  contri- 
bution to  present   net  worth  expected  from 
thinning  the  unit.    The  maximization  of 
present  net  worth  criterion  was  used  to 
consider  both  present  and  future  returns 
to  thinning,  and  it  was  easily  adaptable 
to  the  mathematical  programing  procedure 
used. 


over  70-percent-normal  basal  area  stock- 
ing.    It  was  necessary  to  account  for  tvpes 
lying    within    each    unit     for  purposes  of 
evaluation.    Each  type  was  evaluated  sepa- 
rately and  weighted  by  acreage  to  obtain 
unit  evaluations. 

Forest  t\T3e  maps  were  used  to 
identify  thinnable  tj^pes  on  the  basis  of 
age  and  size  class,  and  topographic 
maps  were  used  to  disting\iish  alterna- 
tives occurring  on  tracts  that  could  be 
thinned  by  tractor  yarding  methods  and 
stands  on  steeper  (over  45  percent)  ground 
that  would  require  cable  methods  of  yard- 
ing.    The  age  classes  represented  were 
30,  40,  50,  60,  and  70  years.     The  three 
size  classes  represented  were  size 
classes  2  (timber  5-  to  11-inch  d.b.h. ), 
3  (timber  11-  to  21-inch  d.b.h.),   and  4 
(timber  21  inches  and  larger  d.b.h.). 

Units  were  specified  by  foresters 
on  the  Tillamook  Resource  Area.     The 
foresters  indicated  what  they  thought  were 
the  best  number  and  layout  of  thinning 
units  in  accessible  areas  and  provided 
information  concerning  inaccessible 
areas,   areas  with  excessive  slopes, 
roadbuilding  requirements,   and  appro- 
priate harvesting  methods. 

EVALUATION  OF  ALTERNATIVES 


IDENTIFICATION  OF  ALTERNATIVES 

A  total  of  50  units  were  identified 
as  alternatives  available  for  thinning. 
Table  1  presents  a  sample  of  five  units 
to  demonstrate  the  type  of  information 
used  to  identify  and  evaluate  units. 

The  reader  will  note  that  table  1 
includes  information  on  thinnable  type 
acreage  as  well  as  unit  acreage.    Thin- 
nable types  were  considered  to  be  conif- 
erous stands  30  to  70  years  of  age  with 


hi  order  to  determine  the  returns 
from  thinning  a  particular  unit,  the  re- 
turns from  thinning  each  thinnable  type 
within  the  unit  had  to  be  calculated.    The 
returns  from  each  thinnable  type  were 
then  weighted  by  their  acreage  to  obtain 
total  returns  for  the  unit. 

Returns  for  each  thinnable  t>pe  were 
stated  in  terms  of  per-acre  present  net 
worth  and  were  derived  from  three  steps: 
(1)  calculation  of  volumes,   (2)  calculation 
of  stumpage  values,  and  (3)  calculation 
of  present  net  worths. 


Table  1. — Five  examples  of  the  format  and  information  used  to 
identify  and  evaluate  units  for  the  unit  approach 


Unit 
number 


Thinnable  types 


Age 
class 


Size 
classA' 


Slopi 


>2/ 


Acres 


11 


48 


60 


30 

2 

70 

3 

70 

3 

70 


30 

2 

70 

3 

70 

3 

60 

4 

40 

3 

60 

3 

M 

74 

74 

M 

2 

M 

28 

S 

51 

81 

S 

84 

84 

M 

2 

M 

97 

S 

28 

127 

M 

43 

M 

6 

M 

30 

79 

—  Size  class  2  represents  timber  5-  to  11-inch  d.b.h., 
size  class  3  represents  timber  11-  to  21-inch  d.b.h.,  and  size 
class  4  represents  timber  21  inches  and  larger  d.b.h. 

7/ 

—  S  represents  slopes  over  45  percent  requiring  cable 
methods,  and  M  represents  slopes  less  than  45  percent  on 
which  tractors  can  be  used. 


1.    Calculation  of  volumes. — 
Three  categories  of  volume  data  were  re- 
quired for  each  thinnable  ty\>e.     These 
data  were  the  volume  to  be  thinned,    the 
volume  expected  at  final  harvest  in  a 
thinned  stand,  and  the  volume  expected 
at  final  harvest  in  an  unthinned  stand. 
The  volume  data  generated  for  these 
categories  were  on  a  per-acre  basis 
and  were  based  upon  data  and  assump- 
tions provided  by  the  Bureau  of  Land 
Management. 


2.  Calculation  of  stumpage   values 
Stumpage  values  had  to  be  derived  for 
current  thinning  operations  and  for  final 
harvest  operations  in  both  unthinned  and 
previously  thinned  stands.     These  had  to 
be  calculated  for  each  thinnable  type  on 
a  per-thousand-board-foot  basis. 

The  standard  U.  S.   Bureau  of  Land 
Management  (1967)  procedure  for  apprais- 
ing timber  sales  was  used  to  obtain  the 
stumpage  values  used  in  this  study. 


Constant  prices  and  costs  were 
assumed  for  the  projection  of  future  stump- 
age  values  of  both  thinned  and  unthinned 
final  harvest  volumes.     It  was  also  assumed 
that  price  and  cost  advantages  would  ac- 
crue ro  final  harvest  yields  from  thinned 
stands  as  opposed  to  unthinned  stands, 
because  of  the  expectation  that  previously 
thinned  stands  would  be  cheaper  to  har- 
vest and  would  yield,  on  the  average, 
larger  timber  of  better  quality. 

3.     Calaulation  of  present  net 
worths.  —  For  each  thinnable  type  a  per- 
acre  present  net  worth  value  was  derived. 
Per-acre  values  were  calculated  by  multi- 
plying the  volumes  per  acre  (from  step  1) 
obtained  from  thinning  and  at  final  har- 
vest by  the  appropriate  stumpage  values 
(from  step  2).    The  final  harvest  values 
were  discounted  to  the  present.     In  order 
to  obtain  net  values,  administrative  costs 
of  conducting  thinning  programs  and  the 
subsequent  final  harvests  were  deducted. 
The  basic  calculation  for  each  thinnable 
type  consists  of  subtracting  the  discounted 
final  harvest  value  if  no  thinning  is  done 
from  the  sum  of  the  value  of  thinning  in 
the  present  year  and  the  discounted  final 
harvest  value  in  a  thinned  stand  (see 
footnote  3,  table  2). 

The  results  of  the  calculation  of 
present  net  worths  are  a  per-acre  value 
assigned  to  each  type.    These  are  shown 
in  table  2.    Table  3  shows  the  thinning 
unit  values  which  are  determined  from 
the  values  in  table  2  weighted  by  the 
thinnable  type  acreages  occurring  within 
each  unit. 

FORMULATION  OF  CONSTRAINTS 

Constraints  are  limits  upon  what 
the  manager  can  do  in  seeking  his  objec- 
tive.    Constraints  can  take  the  form  of 
budget  limitations,   manpower  availability, 
allowable  cuts,  physical  limitations,   and 


operational  requirements. 

Mathematical  programing  procedures 
require  two  kinds  of  information  for  each 
constraint.     First,   a  constraint  require- 
ment must  be  set.     This  is  usually  stated 
as  some  minimum  or  maximum  level; 
e.g.,  no  more  than  $75,000  shall  be  spent 
on  the  thinning  program  or  no  less  than 
10  million  board  feet  shall  be  harvested 
from  area  A.    Second,  each  thinning  alter- 
native must  be  evaluated  in  terms  of  these 
requirements.     In  terms  of  the  examples 
above,  thinning  unit  X  will  require  some 
portion  of  the  thinning  budget  and  will 
contribute  a  portion  of  the  volume  needed. 

Six  categories  of  constraints  were 
identified  and  used  in  planning  the  Tilla- 
mook thinning  program.  An  example  of 
each  category  is  given  below. 

1.  Controls   on  hew  muoh  volume 
Gould  be   thinned.      No  more  than 
20,700,000  board  feet  could  be 
thinned  in  fiscal  1969. 

2.  Controls   on  how  much  money 
could  be  spent.        Approximately 
$73,000  was  provided  for  carrying 
out  a  thinning  program.     Expendi- 
tures could  not  exceed  this  budget. 

3.  Controls   on  where  volume  could 
be   thinned.      At  least  10  million 
board  feet  had  to  be  thinned  in  the 
northern  part  of  the  Tillamook 
Resource  Area. 

4.  Controls  on  which  units  could 
he  chosen.     Because  of  road  loca- 
tion requirements,  units  44  and  45 
could  not  be  sold  in  the  same  year. 

5.  Controls   on   the  number  of  units. 
No  more  than  12  thinning  units 
could  be  sold  in  fiscal  1969. 

6.  Controls  on  the  size  of  units. 
At  least  three  sales  (units)  had  to 
be  less  than  1  million  board  feet. 


Table  2. — The  contribution  to  present  net  worth,  of  thinning 

by  forest  type 


Age 
class 


Size 
c las si' 


Topography 
class-=.' 


Contribution 
to  present 
net  worths./ 


30 
40 
30 
40 
50 
60 
70 
60 
70 
30 
40 
30 
40 
50 
60 
70 
60 
70 


Dollars  per  acre 

M 

40.13 

M 

189.32 

M 

160.46 

M 

330.84 

M 

526.45 

M 

675.87 

M 

712.67 

M 

804.91 

M 

834.22 

S 

21.86 

S 

152.22 

S 

128.48 

S 

278.77 

S 

453.86 

S 

597.25 

S 

644.14 

S 

705.61 

S 

757.90 

_'  Size  class  2  represents  timber  5-  to  11-inch  d.b.h., 
size  class  3  represents  timber  11-  to  21-inch  d.b.h.,  and  size 
class  4  represents  timber  21  inches  and  larger  d.b.h. 

2/ 

—  S  represents  slopes  over  45  percent  requiring  cable 

methods,  and  M  represents  slopes  less  than  45  percent  on 
which  tractors  can  be  used. 

3/ 

—  Contribution  to  present  net  worth  (PNW)    is  made  up  of 

three  values:   value  of  thinning  in  the  present  year  (RT) , 
present  value  of  final  harvest  value  if  thinning  takes  place  in 
the  type  (RHT) ,    and  present  value  of  final  harvest  value  if  no 
thinning  is  done  (RHW) .   The  last  column  is  derived  from 

PNW  =  RT  +  RHT  -  RHW. 
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Table  3. — Present  net  worth  in  dollars  for  units  available 
for  thinning  in  fisaal  yea:r  1969h 


Thinning 

Thinning 

Thinning 

unit 

PNWT 

unit 

PNWT 

unit 

PNWT 

number 

number 

number 

1 

36,526 

18 

198,836 

35 

46,935 

2 

49,638 

19 

32,070 

36 

32,535 

3 

29,781 

20 

44,647 

37 

31,030 

4 

52,026 

21 

128,292 

38 

166,262 

5 

45,282 

22 

99,421 

39 

35,450 

6 

53,504 

23 

25,384 

40 

80,769 

7 

61,231 

24 

42,115 

41 

53,340 

8 

109,907 

25 

121,155 

42 

36,082 

9 

89,382 

26 

3,399 

43 

57,900 

10 

30,181 

27 

55,839 

44 

82,156 

11 

87,245 

28 

116,627 

45 

66,902 

12 

78,585 

29 

31,558 

46 

41,343 

13 

81,197 

30 

49,995 

47 

56,825 

14 

53,529 

31 

82,996 

48 

58,546 

15 

54,719 

32 

36,399 

49 

23,081 

16 

35,230 

33 

50,642 

50 

17,109 

17 

142,525 

34 

17,705 

—  The  following  formula  was  used  to  determine  unit  present  net 
worth  from  thinning  (PNWT) : 
n 
Unit  PNWT   =   Z   (acres  of  type  i   x  PNWT.) 
t=l  "- 

where  n  =   number  of  thinnable  types  in  a  unit. 


Operating  the  System 

SELECTING  OPTIMAL  PROGRAMS 

In  figure  3,    the  steps  involved  in 
preparing  the  system  and  in  selecting 
the  optimal  program  are  diagramed.    This 
diagram  may  be  useful  in  interpreting 


table  4,  which  shows  the  results  of  using 
mathematical  programing  to  select  an 
optimal  thinning  program  based  on  har- 
vesting units. ^/    The  optimal  solution 
was  selected  from  a  planning  problem 
involving  50  units   and   13  constraints. 


5  The  computer  program  used  for  the  solution  of  unit  approach  problems  was  obtamed  from  the  R^nd  Corporation 
The  program  (Geoffrion  and  Nelson  1968)  is  a  0-1  integer  linear  programing  code,  referred  to  as  RIP'^OC  1  he  code  will 
handle  up  to  90  variables  and  50  constraints.  Readers  interested  in  the  background  of  this  code  shou  d  refer  to  Balas 
(1965)  original  development  of  the  0-1  algorithm,  Petersen's  (1967)  experience  in  testing  variants  of  Balas  algorithm, 
and  Geoffnon's  (1967,  1969)  work  which  led  to  the  development  of  RIP30C.  The  01  integer  program  was  run  on  a 
CDC  6400. 
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Manaqement  objective: 


Maximize  present  net  worth  criterion 


Thinning  units  available 


Unit 

number 

Acres 

1 

141 

2 

74 

3 

42 

4 

81 

5 

lOf.                  fc. 

50 


Optimal   thinning  program 


'  ' 


Mathematical 

programing 

procedures 


62 


Units 

selected 

Acres 

2 

74 

21 

187 

22 

146 

23 

37 

Constraints 

Budget  ±  $75,000 
Volume   quota  _1  20   million  board    feet 
Number   of    sales  _>  15 

Figure  3.— Example  of  major  elements  of  a  unit  approach  framework. 


Table  4,  along  with  figure  3,  gives 
a  good  overall  view  of  the  unit  approach 
as  discussed  to  this  point.     Elements  of 
both  the  selection  process  and  the  prepa- 
ration process  are  shown  in  the  table. 
Information  concerning  the  solution  to  the 
optimal  program  is  given  in  column  1 
where  the  units  selected  are  shown  and 


in  the  total  row  of  column  2  where  the 
total  value  of  the  program  is  shown.     The 
numbers  in  columns  2  and  4  through  6  are 
inputs  to  the  system.     They  are  developed 
in  the  preparation  phase,   as  are  the  con- 
straint requirements  shown  in  the  bottom 
row. 
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Notice  that  the  numbers  in  the  total 
row  do  not  exceed  the  constraint  require- 
ments.    The  mathematical  programing 
procedure  assures  that  stated  constraint 
requirements  are  not  violated. 

EVALUATING  CHANGES  IN  THE  PLAN 

Managers  and  planners  can  learn  much 
about  the  important  factors  influencing  the 
selection  of  a  thinning  program  by  using  a 
process  known  as  sensitivity  analysis.    In 
general,  sensitivity  analysis  involves  deter- 
mining the  degree  of  change  in  the  optimal 
value  of  a  program  resulting  from  a  change 
in  program  inputs;  e.g. ,  changes  in  con- 
straint requirements  and  evaluation  assump- 
tions.   Sensitivity  analysis  can  also  exam- 
ine changes  in  program  composition;  i.e. , 
changes  in  the  number  and  location  of 
harvestingunits.    With  information  pro- 
vided by  sensitivity  analysis,  managers  may 
learn  which  inputs  have  the  greatest  in- 
fluence on  the  organization's  objectives. 

Changing  Constraint  Requirements 

Suppose  the  forest  manager  is  inter- 
ested in  the  effects  of  changing  some  of 
the  constraint    requirements  shown  in  the 
bottom  row  of  table  4.    In  rule- of- thumb 
planning,  the  manager  can  speculate 
about  what  might  happen  if  the  require- 
ments were  changed,  but  normally  he 
doesn't  have  the  time  or  resources  to 
recompute  the  whole  thinning  program  in 
order  to  find  out  exactly  what  would  happen. 
Using  a  mathematical  programing  proce- 
dure, the  manager  can  obtain  a  recom- 
puted program  in  much  less  time  than 
would  be  possible  with  hand  calculations. 
As  with  the  original  solution,  the  recom- 
puted solution  would  also  be  optimal,  only 
now  based  on  the  changed  constraint  re- 
quirements.   An  illustration  taken  from 
the  case  study  will  serve  to  demonstrate 
this  procedure. 


Suppose  the  forest  manager  is  con- 
cerned about  the  figures  shown  in  the  total 
and  constraint  requirements  rows  of 
column  4  in  table  4.    He  observes  that 
if  the  optimal  solution  in  table  4  is  followed, 
only  19,474,000  board  feet  will  be  thinned. 
This  is  well  below  the  maximum  allowed, 
which  is  20,  700,  000  board  feet.     He  may 
not  be  satisfied  with  this  optimal  program, 
feeling  that  volume  thinned  should  be  sub- 
stantially closer  to  the  maximum  allowable. 
What  can  he  do?    He  can  examine  each 
constraint  requirement  to  determine  which 
are  limiting;  i.e.,  which  constraints  pre- 
vented additional  units  from  being  taken 
and  thus  prevented  the  total  thinning  vol- 
ume from  being  higher. 

Table  4  shows  that  total  sales  layout 
costs  are  only  $500  less  than  the  con- 
straint requirement  of  $73,000,  thus 
indicating  that  this  constraint  may  be  the 
one  most  limiting  the  optimal  solution. 
If  insufficient  sales  layout  funds  are  re- 
sponsible for  failure  to  attain  the 
20,  700,  000  board-foot  level,  how  much 
additional  funding  is  needed?    In  order 
to  determine  this,  the  sales  layout  cost 
requirement  of  $73,000  can  be  dropped, 
i.e.  ,  there  will  be  no  limits  on  what  can 
be  spent  for  sales  layout  costs.    The  pro- 
gram is  run  again  and  a  new  optimal 
solution  is  obtained.     The  results   arc 
shown  in  table  5. 

This  analysis  shows  that  insufficient 
funding  was  responsible  for  the  failure  to 
obtain  a  harvest  of  20,  700,  000  board  feet, 
and  that  almost  $6,000  in  additional  fund- 
ing would  be  required  to  obtain  this  har- 
vest level.     The  additional  funding  would 
raise  the  total  program  value  by  over 
$45,000  and  would  decrease  engineering 
(road  layout  and  design)  costs  slightly. 
Engineering  costs  decreased  because 
three  units  shown  in  table  4  were  replaced 
by  units  requiring  less  engineering  work. 
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Table   5. — Comparison  of  two  optimal  thinning  programs  with  differences  based 
on  availability  of  funds  for  sales   layout 


Sales  layout 
funding  level 

Volume  thinned 

Sales  layout 
costs 

Engineering 
costs 

Present  net  worth 
value  of  program 

Number 
of  units 

Thousand 
board  feet 

A)  $73,000  limit 

19,474 

72,499 

2,889 

1,117,757 

17 

B)  No  limit 

20,677 

78,376 

2,766 

1,162,839 

19 

)ifference  (B  -  A] 

+1,203 

+5,877 

-123 

+45,082 

+2 

1 

The  preceding  example  involved  only 
one  question  and  one  test.    Other  questions 
could  have  been  asked  and  tested;  e.  g. , 
What  would  be  the  result  of  a  reduction 
in  funding?    What  would  be  the  effect  on 
program  value  if  harvest  units  had  to  be 
more  widely  dispersed  because  of  esthetic 
or  environmental  considerations? 

There  is  great  potential  in  these 
procedures  for  obtaining  quick  answers 
to  questions  that  often  come  up  in  the 
course  of  planning  forest  management 
programs.     Mathematical  programing 
procedures  may  also  encourage  managers 
to  ask  questions  that  have  been  ignored  or 
overlooked  before,  simply  because  there 
was  no  easy  way  to  obtain  answers. 

Changing  Assumptions 

Obtaining  present  net  worth  values 
for  thinning  harvest  units  requires  a  num- 
ber of  assumptions  about  stumpage  prices, 
the  results  of  thinning,  and  management 
practices.    Some  of  the  assumptions  in 
this  study  were: 

1.    Stumpage  prices  used  to  evaluate 

thinning  units  reflected  price  and 

cost  conditions  existing  during  the 

spring  of  1968. 


2.  Final  harvest  cutting  age  was 
assumed  to  be  80  years. 

3.  Because  of  anticipated  timber  quali- 
ty improvements    and   lowered 
logging  costs  in  thinned  as  opposed 
to  unthinned  stands  at  the  time  of 
final  harvest,  a  $10-$12  stumpage 
price  advantage  was  assumed  for 
thinned  stands. 

4.  Thinning  would  remove  from  20  to 
30  percent  of  the  basal  area  of  the 
stand,  depending  on  stand  age 
(youngest  stands  were  cut  at  30 
percent,  oldest  at  20  percent). 

5.  A  discount  rate  of  4-5/8  percent 
was  used,  reflecting  the  recom- 
mended rate  for  this  type  of  govern- 
ment investment  at  the  time. 

Each  of  these  assumptions  requires 
the  specification  of  numbers.     What 
happens  if  the  numbers  are  wrong  or  if 
they  change?    How  will  program  values 
and  composition  be  affected  by  errors 
or  changes;  i.e.,  how  sensitive  are  the 
results  of  the  program  to  variations  in 
the  assumptions?    Mathematical  program- 
ing can  be  used  in  helping  to  determine 
just  how  crucial  some  of  these  assump- 
tions are. 
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For  example,  what  would  be  the 
effect  on  program  value  and  composition 
if  1970  stumpage  prices  and  discount 
rates  were  used  in  place  of  1968  values? 
This  question  was  tested  using  the  proce- 
dures developed  in  the  unit  approach.    The 
results  showed  a  25-percent  decrease  in 
program  value,  but  no  change  in  the  units 
making  up  the  program.     Tests  involving 
the  other  assumptions  were  also  conducted. 
In  some  instances,  changes  were  dramatic 
in  both  program  value  and  composition, 
indicating  that  these  assumptions  might 
be  critical  to  the  success  of  the  planning 
effort.     Information  developed  from  these 
sensitivity  tests  will  show  the  manager 
where  the  greatest  care  must  be  taken  in 
formulation  of  assumptions  and  collection 
of  data. 

Before  managers  can  use  mathe- 
matical programing  to  test  changes   in 
assumptions,  an  additional  computation 
is  necessary — new  present  net  worth  unit 
values  are  developed  each  time  a  change 
in  assumptions  takes  place.     This  can  be 
a  tedious  process;  thus  it  is  desirable  to 
computerize  these  procedures  if  possible. 
A  computer  program  was  developed  in 
this  study  for  use  in  generating  new 
present  net  worth  values  for  each  unit. 
This  program  can  be  considered  an 
integral  part  of  the  unit  approach,  and 
it  plays  a  vital  role  in  obtaining  rapid 
answers  to  questions  involving  assump- 
tions. 

EVALVATING  THE  SYSTEM 


Effectiveness  of  the  Unit  Approach 

This  study  was  designed  to  develop 
and  test  a  new  planning  approach  that 
could  be  useful  to  forest  managers  work- 
ing with  complex  planning  problems.     Use- 
fulness was  interpreted  as  the  effectiveness 
of  the  unit  approach  in  (1)  providing 


information  for  the  basic  planning  steps 
shown  on  page  2,  (2)  organizing  infor- 
mation in  a  systematic  manner  that 
accounts  for  management's  objectives, 
alternatives,  and  constraints,   and 
(3)  documenting  information  so  that 
there  is  a  record  of  all  important  infor- 
mation of  the  plan. 

The  effectiveness  of  the  unit  approach 
was  compared  both  with  existing  planning 
procedures,  as  found  on  the  Tillamook 
Resource  Area,  and  with  systematic  plan- 
ning procedures  that  would  incorporate 
all  the  steps  of  the  unit  approach  except 
those  using  mathematical  programing. 
The  comparisons  are  summarized  in 
table  6. 

EFFECTIVENESS  IN 
PREPARING  THE  SYSTEM 

Table  6  shows  that  the  unit  approach 
was  more  effective  than  existing  methods 
in  documenting  information  in  a  systematic 
form.    However,  the  table  also  shows  that 
existing  planning  procedures  could  be 
modified  to  provide  the  same  kind  of  infor- 
mation.    In  other  words,  mathematical 
programing  procedures  are  not  necessary 
to  obtain  documented  systematic  informa- 
tion for  the  first  four  steps  of  table  6. 
The  same  information  could  be  obtained 
by  management's  careful  consideration 
of  objectives,   alternatives,  and  constraints 
without  any  intention  of  using  a  mathe- 
matical program  to  obtain  an  optimal 
solution.     However,  although  mathematical 
programing  procedures  are  not  necessary 
for  collecting  documented  planning  infor- 
mation, their  use  does  provide  a  ready- 
made  systematic  framework  for  organizing 
and  interpreting  information  often  lacking 
in  planning  systems  based  on  rules  of 
thumb.    Within  this  framework,  objectives 
must  be  defined  first.    After  objectives 
are  defined  and  criteria  specified,    the 
kinds  of  information  required  are  relatively 
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Table  6. — Comparative  effectiveness—'   of  three  approaches   to  planning 
thinning  programs  in  relation  to   the  major  planning  steps 


Major  steps  in 
planning  thinning  programs 


Existing 

planning 

procedures 


Systematic  planning 

procedures  not  using 

mathematical  programing 


Unit 
approach 


Specifying  objectives  and  criteria 

Identifying  and  locating  thinning 
units 

Evaluation  of  thinning  units  in 
terms  of  criterion 

Consideration  of  all  relevant 
constraints 

Selection  of  optimal  program — Is 
it  the  best  one? 

Evaluate  consequences  of  changing 
constraints  and  assumptions 
(sensitivity  analysis) 


—  Effectiveness  is  indicated  by: 
XXX  -  Approach  provides  systematic,    documented   information  that  essentially  fulfills 
management's  needs  for  preparing  a  thinning  plan. 

XX  -  Approach  provides  systematic,    documented   information  but  important  elements 
may  be  left  out. 

X  -  Approach  provides  information  mainly  in  an  intuitive  way,  or  not  at  all. 
Although  management  gets  some  of  the  needed  information,  there  is  no 
documentation  nor  way  to  verify  results. 


easy  to  identify  and  document.     Without 
such  a  framework,  important  alternatives 
and  constraints  may  be  overlooked.    Also, 
documentation  may  be  incomplete  and 
poorly  organized,  thus  reducing  the  effec- 
tiveness of  available  information  either  as 
support  for  the  current  plan  or  as  a  basis 
for  future  planning. 

The  cost  of  adopting  more  systematic 
planning  methods  is  probably  their  major 
disadvantage.     In  the  study  reported  here, 
approximately  2  man-months  were  required 
to  put  together  the  information  included 
in  the  first  four  steps  of  table  6.     This 
study  involved  only  the  planning  of  thinning 
operations  on  a  50,000-acre  tract  of 
young-growth  timber.     Planning  of  pro- 
grams involving  larger  areas  and  more 


activities  would  obviously  require  more 
manpower.     On  the  brighter  side,  once 
the  system  is  set  up,   a  substantial  portion 
of  the  cost  would  not  need  to  be  repeated. 
The  major  cost  in  subsequent  years  would 
be  in  updating  the  system. 

EFFECTIVENESS  IN  SELECTING 
THINNING  PROGRAMS 

Mathematical  prograniing  was  used 
to  select  optimal  thinning  progi'ams;  i.e.  , 
programs  which  could  not  be  improved 
upon  in  terms  of  the  original  objective, 
alternatives,   and  constraints.     If  the 
program  could  be  improved  upon,    then 
somewhere  in  the  preparation  stage, 
objectives,  alternatives,   and  constraints 
, were  not  completely  or  correctly  specified. 
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If  managers  are  provided  with 
optimal  programs,  there  are  at  least  two 
ways  these  programs  could  be  used.    The 
optimal  program  could  be  adopted  directly 
as  the  plan  or  it  could  be  used  as  a  stan- 
dard against  which  programs  developed 
by  rules  of  thumb  could  be  checked.     In 
the  latter  approach,  if  rule-of- thumb 
program  values  closely  approached  opti- 
mal standard  values,  managers  might  be 
content  to  leave  the  program  unchanged. 
If,  however,  large  discrepancies  appeared, 
managers  would  probably  want  to  know 
the  reason. 

Comparing  results  of  using  the 
rule-of-thumb  selection  method  with 
results  of  using  the  mathematical  program- 
ing method  showed  that  the  mathematical 
programing  planning  procedure  produced 
thinning  programs  that  ranged  from  1  to 
7  percent  higher  in  value  (present  net 
worth)  than  programs  based  on  existing 
rule-of-thumb  procedures,  depending  on 
the  assumptions  used.     The  7-percent 
improvement  was  obtained  on  a  program 
valued  at  nearly  $1,200,000  (based  on 
rule  of  thumb)  and  amounted  to  $82,000. 

Improvements  were  not  dramatic, 
but  this  may  have  been  due  to  the  size 
and  characteristics  of  the  study  area. 
The  Tillamook  Resource  Area  has  a  rela- 
tively small  area  compared  with  many 
management  districts,  and  the  forest  is 
relatively  uniform  in  age.    These  factors 
may  have  resulted  in  a  smaller  number 
of  alternatives  and  constraints  and  thus 
a  simpler  problem.     Larger  areas  with 
greater  variability  in  timber  types  would 
probably  show  a  wider  range  of  alterna- 
tives and  constraints  and  thus  more 
dramatic  improvements  with  mathematical 
programing. 

The  major  costs  of  obtaining  an 
optimal  program  involve  preparing  the 
inputs.     This  was  discussed  in  the 


preceding  section.    Once  the  objective, 
criterion,   alternatives,  and  constraints 
are  all  specified  and  evaluated,  the 
additional  cost  of  obtaining  an  optimal 
solution  is  relatively  small.     In  this  study, 
optimal  solutions  were  obtained  for  less 
than  $5  each  in  computer  time  and  cleri- 
cal help  (mainly  keypunching). 

EFFECTIVENESS  IN  TESTING 
CONSTRAINTS  AND  ASSUMPTIONS 

Managers  in  charge  of  planning 
thinning  programs  must  often  proceed 
with  one  basic  set  of  assumptions  that 
represents  a  best  guess.    Although 
managers  might  have  questions  concern- 
ing the  outcomes  of  alternative  assump- 
tions, they  normally  have  no  mechanism 
by  which  to  get  answers  at  reasonable 
cost.     Lack  of  answers  can  lead   to 
embarrassment  if  overcutting  results, 
certain  market  areas  are  overlooked,  or 
funds  or  manpower  fall  far  short  of  needs. 
With  the  systematic  approach  and  speed 
of  analysis  possible  with  mathematical 
programing,  many  of  these  problems  may 
be  avoided  by  obtaining  answers  to  antici- 
pated problems  well  in  advance  of  their 
occurrence.     For  example,   if  a  decrease 
in  program  funding  is  anticipated,  the 
effect  of  this  on  the  value  and  composition 
of  the  program  can  be  ascertained  and 
plans  can  be  made  to  minimize  the  impact. 

Evaluating  constraint  changes  usually 
involves  no  more  than  changing  a  few 
input  cards  and  then  obtaining  a  new  opti- 
mal solution.     The  cost  of  this  process 
was  the  cost  of  optimal  solution — no  more 
than  $5. 

Evaluating  changes  in  assumptions 
required  a  special  computer  program  to 
generate  new  present  net  worth  values 
with  each  new  assumption.     The  cost  of 
generating  each  new  set  of  values  was  no 
more  than  $3.    Add  to  this  the  $5  cost  of 
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an  optimal  program,  and  the  total  cost 
of  evaluating  a  change  in  assumptions 
was  no  more  than  $8. 


Implementing  the  Unit  Approach 

The  unit  approach  was  effective  in 
executing  the  planning  steps  assigned  to 
it  in  the  case  study.     Yet,  this  study  was 
just  one  trial.     Much  remains  to  be  done 
before  the  unit  approach  or  any  other  oper- 
ations research  system  becomes  an 
integral  part  of  the  forest  planning  process. 

Probably  the  major  difficulty  in 
implementing  systems  based  on  operations 
research  is  the  fact  that  most  forest 
managers  are  unfamiliar  with  the  prin- 
ciples and  techniques  involved.    This 
means  that  before  progress  can  be  made 
in  applying  these  systems  to  practical 
planning  problems,  planners  and  managers 
will  have  to  receive  some  training  in 
operations  research  and  specialists  will 
have  to  be  consulted  or  added  to  planning 
staffs.     This,  of  course,  will  involve 
commitments  of  time  and  money,  often 
well  in  advance  of  any  benefits. 

Further  implementation  difficulties 
can  be  expected  in  obtaining  solutions  for 
large-scale  planning  situations.     For 
example,  the  computer  program  used  in 
this  study  could  handle  up  to  90  units  and 
50  constraints.     This  was  perfectly  ade- 
quate for  a  case  study  involving  50  units 
and  no  more  than  20  constraints.    How- 
ever, if  the  unit  approach  had  been  applied 
to  a  larger  planning  area,  or  if  long-range 
planning  had  been  involved  instead  of  an 
annual  plan,  the  limits  of  the  computer 
program  could  have  been  exceeded.     In 
such  a  situation,  a  program  capable  of 
handling  larger  scale  problems  would 
have  to  be  found.     Larger  scale  problems 
also  can  be  expected  to  add  to  the  costs 
of  solution;  however,  the  added  complexity 


of  such  problems  would  probably  increase 
the  value  of  having  an  optimal  solution. 

(OMUSIOISS 

This  study  demonstrated  that  a 
workable  planning  system  (the  unit 
approach)  could  be  developed  from  opera- 
tions research  techniques  and  could  be 
applied  to  planning  thinning  operations. 
The  principles  of  mathematical  program- 
ing were  used  as  a  systematic  framework 
to  guide  the  organization  and  documenta- 
tion of  information,   and  the  optimization 
procedures  were  used  to  obtain  optimal 
programs  under  varying  assumptions 
and  constraint  conditions. 

Although  program  values  were  not 
dramatically  improved,  use  of  the  unit 
approach  did  provide  (1)  a  systematic 
overview  of  the  planning  situation,   (2) 
guidelines  for  organizing  information, 
(3)  more  thorough  documentation,   (4) 
an  optimal  program  which  could  serve  as 
a  standard  for  rule-of-thumb  programs 
or  be  used  as  the  actual  program,   and 
(5)  the  means  of  answering  many  different 
planning  questions. 

Costs  were  highest  in  preparing 
inputs  to  the  unit  approach.     The  major 
effort  in  preparation  was  in  organizing 
and  documenting  information  already  at 
hand  into  a  form  that  could  be  used  in  the 
optimization  program.     The  costs  of  ob- 
taining optimal  programs  were  relatively 
low  compared  with  preparation  costs. 

This  study  represents  an  effort  to 
bring  systems  analysis  and  the  techniques 
of  operations  research  to  a  phase  of  the 
management  of  young-growth  Douglas-fir. 
The  ultimate  value  of  these  methods  to 
forest  resource  planners  is  hard  to  assess, 
but  the  potential  value  of  these  methods 
as  aids  to  management  seems  too  great 
to  ignore.    With  managers  facing  increasing 
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and  conflicting  demands  on  the  forest  now  seems  an  opportune  time  to  begin 

resources   in  combination  with  the  need  wider    experimentation    and    even 

for  greater  productivity  and  efficiency,  implementation  of  these  methods. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallls,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  dTOrOWbepartment  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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SUMMARY 

Studies  on  sampling  the  western  spruce  budworm  in  eastern  Oregon  had 
the   aim  of  developing  a  method  for  predicting  defoliation  of  current  growth  of 
Douglas-fir,    and  applying  this  niethod  in  areawide   surveys.      BudwornT  density 
in  nonfeeding  stages  was  tested  for  predicting  density  of  larvae  in  buds  and  this 
in  turn,    for  predicting  defoliation.      As  a  shortcut  approach,    egg  mass  density 
was  tested  as  an  index  to  defoliation  of  current  growth.      The  cost  factor  was 
given  appropriate  emphasis  in  selecting  sampling  units  and  in  determining   si/.e 
and  allocation  of  samples  for  efficient  surveys. 

Timing  of  sampling  was   compared  with  that  for   spruce  budworm  in  eastern 
Canada.      The  sampling  universe  was  a  stratum  of  Douglas-fir  dominants  and 
codominants  in  second-growth  stands  in  the  Blue  Mountains  of  Oregon.      Mechanics 
of  sampling  involved  collection  of  whole  branches  by  climbers   and  collection  of 
15-inch  twigs  with  a  35-foot  pole-pruner.      Distribution  of  sampling  units  on  trees 
in  the  designated  stratum  was  determined. 

The  egg  stage  and  the  larvae  in  buds  appeared  to  be  particularly  suitable 
for  sampling.      A  whole  branch  at  midcrown  was  the  sampling  unit  for  the  egg 
stage,    and  four  1  5-inch  twigs  from  the  lower  half  of  the  crown  constituted  the 
unit  for  larvae.      Multistage  analysis,    involving  variance  and  costs,    was  used  to 
determine  optimum  size  and  allocation  of  samples  at  these  life  stages. 

A  cluster  design  appeared  to  be  the  best  solution  for  sampling  these  stages. 
For  low,    medium,    and  high  populations,    nuiTiber  and  size  of  clusters  per  stand 
and  number  of  stands  were  determined  for  means  with  an  acceptable   sampling 
error  of  20  percent,    at  p  =   0.  05,    and  also  other  precision  and  confidence  levels. 
Sampling  requirements  were  particularly  great  for  low  egg  populations  and 
medium  populations  of  larvae  in  buds. 

Prediction  of  current  defoliation  was   shown  possible.    Tables  were  developed 
which  use   regression  relationships  to  show  egg  mass  density,    corresponding  den- 
sity of  larvae  in  buds,    and  expected  degree  of  defoliation.      Opportunities  exist  for 
expanding  these  tables;  density  of  pupal  cases  and  density  of  hibernating  larvae 
showed  promise  in  predicting  density  of  larvae  in  buds.      Techniques   in  estima- 
ting defoliation  are  believed  to  be  a  critical  factor  in  setting  up  standards   for 
prediction.     We  recommend  fieldglass  estimates,    supplemented  by  periodic 
examination  of  foliage  samples. 


Keywords:     Western  spruce  budworm,  Choristoneura  oooidentalis  , 
Douglas-fir,    defoliation,    sampling. 


INTRODUCTION 

Studies  of  the  western  spruce  budworm,  Choristoneura  oooidentalis     Freeman, 
were  initiated  in  1950  to  develop  methods  for  sampling  appropriate  life   stages  and 
estimating  visible  damage.      The  primary  objective  was  to  develop  efficient  means 
of  predicting  budworm  trends  and  damage.      The   study  area  was  the  Blue  Mountains 
of  eastern  Oregon  which  contained  epidemic  infestations  of  the  budworm  from  1946 
until  1  959. 

By    19  50,     studies    on    the    eastern    or    spruce    budworm,     C.    fumiferana 
(Clements)  Freeman,    were  already  underway  in  eastern  North  America.     In  New 
Brunswick,    Canada,    the  Green  River  project  had  embarked  on  a  long-term  study 
of  spruce  budworm  epidemiology  in  relation  to  forest  management  with  preparation 
of  life  tables  as  the  primary  objective  (Morris  and  Miller  1954).      These   studies 
were  based  on  sampling  absolute  populations;  population  was  expressed  in  terms 
of  a  basic  unit,    branch  surface,    and  an  absolute  unit,    the  acre   (Morris   1955).      In 
New  York  and  Maine,  concurrent  but  separate  studies  were  being  conducted  on 
factors   related  to  budworm  epidemiology.      For  the  most  part,    these   studies  dealt 
with  density  of  populations  on  a  1  5-inch  twig  basis   (Dowden  and  Carolin  1  950). 

All  sampling  efforts  have  their  limitations;  and  our  approach  was  eventually 
a  compromise  dictated  by  a  small  work  force,    a  number  of  susceptible  host  spe- 
cies,   and  biological  characteristics  of   C,    ocaidentalis .     In  Western  United  States, 
at  least  14  species  of  conifers  are  acceptable  hosts   (Carolin  and  Honing  1972), 
and  in  the  mixed  types  common  to  the  Blue  Mountains,    four  often  occur  in  the   same 
stand.      The  principal  hosts--those  on  which  greatest  economic  damage  occurs-- 
are  Douglas-fir  (Pseudotsuga  menziesii  var.    glccuca     (Beissn.  )  Franco)  and  grand 
fir  [Ahies  grandis    (Dougl.  )   Lindl.  ).      On  these  hosts,    in  comparison  with  the 
eastern  budworm  on  balsam  fir,    western  budworm  populations  deposit  larger  egg 
masses,    hibernate  further  inside  the  crown,    and  show  greater  diversity  in  age 
distribution  of  feeding  larvae. 

During  the  period  1950-54,    most  of  our  efforts  were  to  determine  proper 
timing  of  sampling  according  to  biology  of  the  insect  and  to  assess  our  capabili- 
ties of  obtaining  and  processing  various   sample  units.     At  the  same  time,    we 
attempted  restricted  population  studies.      From  1955  to  1959,    special  studies  and 
routine  sampling  at  semipermanent  study  plots  were  combined  to  assess  sampling 
needs  for  predicting  population  changes  on  Douglas-fir.      In  presenting  background 
and  results  of  the  various   studies,    we  are  following  to  some  extent  the  format  of 
Morris   (1955),    to  which  we   refer  the  reader  for  concepts  in  sampling  spruce  bud- 
worm and  other  defoliator  populations.     Our  presentation  is  concerned  mostly  with 
development  of  survey  techniques;  however,    information  on  distribution  of  foliage 
and  insects  is  particularly  relevant  to  research  studies. 


CONSIDERATIONS  IN  SAMPLING 

Timing  of  Sampling 

Timing  of  sampling  is  aimed  at   separating  an  insect's   life   cycle   into 
sampling  periods   so  as  to  show  effects   of  different  mortality  factors;   it  con- 
siders habits  of  the  insect,    life  cycles   of  biotic   control  agents,    and  incidence   of 
effects  of  physical  environmental  factors.     Sampling  at  a  time  when  population 
distribution  is  changing  or  when  effects   of  specific   control  factors  are  incom- 
plete  should  be  avoided. 

Sampling  periods  of  possible  use  in  sampling    C.    fumifevana    were  described 
by  Morris    (1955)   as:     eggs,    second- instar  larvae  in  hibernacula,    second- instar 
larvae  in  mines,    third-instar  larvae  in  opening  buds,    fourth-  to  sixth-instar 
larvae,    pupae,    and  moths.      Two  periods  have  been  somewhat  redescribed  to  fit 
C.    oacidentat'is .      A   sii-nplified  term,    "larvae  in  opening  buds,"  is   used  to  indi- 
cate a  substantial  spread  in  instar  development  in  this  period;   and  "fifth-  to 
sixth-instar  larvae,"  to  designate  the   remaining  period  up  to  pupation.      Eggs, 
and  larvae  in  opening  buds  were  periods  of  stability,    as  noted  for   C.    fumiferana 
by  Morris   (1955). 


Eggs 

The  period  of  egg  deposition  occurs   in  late  July  and  early  August  and 
usually  lasts  about  3  weeks,    with  individual  egg  masses  hatching  in  about   10 
days.      Use  of  hatched  egg  masses  as  a  record  of  initial  density  and  survival  of 
the  new  brood  is  enhanced  by  persistence  of  the  egg  masses  on  the  foliage. 
Initial  evidence  of  this  persistence  was   obtained  in  late   spring  of  1950  when  an 
examination  of  either  three  or  four  midcrown  branches  from  each  of  11    codomi- 
nant  Douglas -fir  trees  yielded  1  ,  146  egg  masse  s ,    mostly  well  preserved.      In 
subsequent  studies,    a  method  was  developed  for  using  old  egg  masses  as  an 
index  to  the  previous  year's  egg  population  (Pacific  Northwest  Forest  and  Range 
Experiment  Station  1958,    p.    10-11;   Buff  am  and  Carolin  1966). 

Timing  of  sampling  was   aimed  at  about  90-percent  egg  hatch.      Because 
moth  flight  as  well  as  other  seasonal  phenomena  is   extended  by  drastic  local 
altitudinal  and  exposure  differences,    this  tiining  insured  that  most  eggs  would 
have  been  deposited  prior  to  sampling.      We  preferred  to  minimize  an  error 
from  faulty  timing,    while  accepting  an  increased  risk  of  error   in  separating 
old  and  new  masses. 


Seaond-instar  Larvae  in  Hihemacula 

Larvae  spend  about  9  months  hibernating  among  lichens   and  under  bark 
scales   on  limbs  and  boles  of  the  tree.      Their  tiny  hibernacula  are  difficult  to 
find;  but  after  February   1,    the  larvae  will   issue   readily  to  light  in  a  warm  room. 
Control  personnel  have  collected  and  boxed  limb  and  bole  sections  and  have 
drawn  larvae  to  the  light  to  provide   estimates  of  overwintered  populations. 


Sampling  during  a  period  from  February  1  until  late  April  is  presumal^ly 
satisfactory  for  estimating  budworn"i  populations  surviving  fall  dispersal,  pre- 
dation,  and  unfavorable  vv'eathe  r  conditions.  We  found  substantial  predation  on 
hibernating  larvae  to  occur  only  in  late   summer  and  fall. 


Seaond-instar  Larvae  in  Mines 

Second-instar  larvae,    after  leaving  hibe  macula  during  May,    usually   n)in(> 
into  old  needles  and  also  staminate  flowers   if  these  are  present.      Residi-ncr   in 
needle-mines  may  be  as   long  as   1  0  to  14  days,    and  in   staminate   flowers   up  to 
30  days.i.'      Larvae  in  needle-mines  molt  into  the  third  instar,    and  in   staminate 
flowers,    continue  their  development  until  the   flowers   dry  out.      Reliable   esti- 
mates  of  budworm     density  during  needle-mining  are  very  difficult  to  obtain 
because  of  very  gradual  departure  of  larvae  from  hibernation;   late-issuing   lar- 
vae  usually  go  directly  to  opening  buds.      In  1951,    comparison  of 'consecutive 
population  estimates   on  foliage  units   showed  up  to  twice  as  many  larvae   found 
in  the  buds  as  were  previously  found  in  mined  needles.      This   finding  discouraged 
any  further  sampling  at  this  life   stage. 


Larvae  in  Opening  Buds 

After  the  larvae  enter  the  buds,    a  period  of  about   10  days  of  relative 
stability  occurs   in  which  a  single-host   species   can  be   sampled.      Most  buds  have 
burst,    but  some  buds   remain  swollen.      At  this  time,    larvae  are  mostly  in  third-, 
fourth-,    and  fifth-instars,    with  half  or  more  in  the  fourth- instar.      The  diverse 
development  apparently  reflects  the   slow  exodus  of  larvae  from  hibernation. 
Weather  is  normally  cool  during  this  period,    particularly  at  night,    so  larvae 
develop  slowly.      Another  factor  in  stability  is   low  mortality  during  this   period; 
5  percent  or  less  of  the  larvae  are  killed  by  parasites,    predators,    and  other 
factors. 

Differences   in  bud-bursting  time  between  grand  fir  and  Douglas-fir  make 
it  difficult  to  sample  both  tree  species   on  the   same  date.      A   chart  of  bud  develop- 
ment prepared  during  control  studies   in  eastern  Oregon  in   1948^/    showed  burls 
on  grand  fir  to  burst  about   7  days  earlier  than  those  on  Douglas-fir.      Subsequent 
observations  have   indicated  the  difference  often  to  be  as   great  as    10  days. 


Fifth-   and  Sixth-instar  Larvae 

This   is  a  period  of  20  to   30  days  during  which  shoots  complete  their 
expansion.      Biotic  agents   of  control   are  particularly  active,    and  careful  timing 
is  needed  to  obtain  meaningful  samples.      Three  hymenopte  rous  parasites  which 
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have  attacked  second- instar  larvae  the  previous  fall  issue  from  their  budworm 
hosts  and  form  cocoons  during  this  period.      At  about  the   same  time,    other 
parasites  commence  to  attack  large  larvae.      Although  a  few  minor  parasite 
species  attack  and  kill  host  larvae,    four  major  species--all  tachinids- -have  a 
delayed  effect.     Two  of  these,  Ceromasia  auriaaudata   Townsend  and  Omotoma 
fumifevanae     (Tothill),    issue  as  maggots   several  days  after  their  hosts  pupate; 
a  third,    "P/zorocera"   inarassata    Smith,    forms  its  puparium  inside  the  host  pupa; 
and  a  fourth,    Madremyia  saundersii    Williston,    issues  from  either  larvae  or  pupae, 
but  usually  from  the  latter.      C.    auriaaudata    and   M.    saundersii    are  usually  the 
most  important  species   (Carolin  and  Coulter  1959).      Therefore,    to  allow  for  full 
parasite  attack,    sampling  should  be  timed  with  the   early  part  of  host  pupation, 
and  pupae  are  considered  to  be  larvae,    for  purposes  of  estimating  parasitism. 

In   1950,    the    rate  of  change  in  parasitism  in   relation  to  percent  of  host 
pupation  was  assessed  by  daily  collections  of  1  ,  600  to   3,  700  budworm  larvae 
and  pupae.      During  an  8-day  period  in  which  host  pupation  increased  from  9  to 
55  percent,    daily  estimates  of  percent  parasitism  by  individual  species  and  all 
species  combined,    showed  little  change;  they  were  uncorrelated  with  percent 
host  pupation.     Subsequently,    timing  has  been  aimed  at  25-  to  40-percent  pupa- 
tion as  a  compromise  between  allowing  time  for  parasite  attack  and  avoiding 
loss  of    M.    saundersii    maggots  from  larvae  and  fresh  pupae. 


Pupae 

This  is  a  short  period  of  14-16  days;  hence,    maximum  time  must  be 
allowed  for  exposure  of  pupae  to  predators,    particularly  birds,    and  true  pupal 
parasites.      The  latter,    which  both  attack  and  emerge  from  pupae,    include  three 
ichneumonid  and  one   sarcophagid  parasite   species.      Tachinid  parasites  pre- 
viously attacking  larvae  are  not  considered  as  pupal  parasites. 

To  allow  tachinid  parasites  to  abandon  pupae,    we  timed  sampling  for 
pupae  with  60-   to  90-percent  emergence  of  the  budworm,    as  indicated  by  aban- 
doned pupal   skins  which   remain  fastened  to  silk  webbing  on  the  foliage.      With 
this  timing,    pupae  are  seldom  abandoned  by  true  pupal  parasites;  but  in  rare 
cases  where  this  occurs,    the  departed  parasite  can  be  identified  by  the  type  of 
emergence  hole  in  the  pupa. 

Since  true  pupal  parasitism  in  Oregon  infestations   is   invariably  low, 
sampling   for  pupae  provides  a  good  basis   for  estimating  the   size  of  moth  popu- 
lations before  flight  and  mating. 


Moths 

Methods  for  measuring  numbers   of  moths  during  the  flight  period  had  not 
been  devised  during  these   studies.      The  use  of  sex-attractant  traps,    now  that  a 
chemical  attractant  mutual  to    C.    fumiferana    and    C.    oocidentalis   has    been  iden- 
tified and  synthesized  (Weatherston  et  al.     1971),    offers  promise  in  future 
sampling. 


Sampling  Universe 

The  concept  of  a  limited  universe  as  defined  by  Morris    (1955)  was   used  in 
these  studies.     A  small  area  or  stand  of  about  20  acres  characterized  by  homo- 
geneous  conditions  was   recognized  as  the   universe.      Also,    since  our  objective 
was  not  to  measure  absolute  populations,    one   stratum  was  designated  for  sam- 
pling. 

The  designated  stratum  was  Douglas-fir  dominants  and  codominants,     50 
to  85  feet  tall,    a  common  height  class  in  second-growth  stands  of  eastern  Oregon. 
Douglas-fir  was  selected  in  preference  to  grand  fir  because  of:     (1)  its  greater 
abundance  on  a  variety  of  exposures  and  sites,     (Z)  its  higher  econoniic  value, 
and  (3)  its  apparent  ability  to  withstand  budworm  feeding  over  a  period  of  years 
without  severe   reduction  in  the  number  of  growing  tips.      Major  substrata  from 
which   representative   samples  might  be  drawn  were  thirds  of  the  tree    crown. 

The   sampling  problemi  relating  to  grand  fir  was   gradually  explored  by 
paired  tree  comparisons  between  Douglas-fir  and  grand  fir  as   opportunity  pre- 
sented itself.      These   results  will  be   reported  in  another  paper. 

Mechanics  of  Sampling  and  Sampling  Units 

Various  units  were  tested  for  sampling  specific  life  stages,    and  the 
mechanics  of  obtaining  these  units  varied.      Only  the  methods  used  for  hiber- 
nating  larvae  differed  appreciably  from  those  already  devised  for  the  eastern 
budworm. 

Bark  samples  for  second-instar  larvae  in  hibernacula  were  obtained  from 
both  limbs  and  boles  of  trees.      Limbs  were  cut  from  either  felled  or  standing 
trees  and  sawed  into  sections   14  or  1  5  inches  long.      Bark  of  boles  was  obtained 
by  either  felling  trees  and  sawing   14-inch  bole   sections  or  cutting  bark  strips 
from  standing  trees  by  means  of  a  large  curved  knife.      Limb  and  bole  samples 
were  placed  in  cardboard  boxes  equipped  with  shell  vials  which  were  provided 
with  continuous  light.      Larvae   entering  the  vials  were   removed  and  counted 
twice  daily. 

Foliage   samples,    including  the  1  5-inch  twig,    whole  branch,    and  foliated 
branch  area,    were  tested  for  other  life   stages.      The   1  5-inch  twig  was  defined 
as  any  twig  15  inches   long,    or  the  apical  15  inches   of  a  longer  twig,    and  bearing 
at  least  one  living  bud.      Measurement  was  from  the  base  of  the  terminal  bud  or 
expanding  shoot.      Branches  on  trees   in  the  designated  stratum  were  generally 
large;  average  foliated  length  of  midcrown  branches  was  about  6-1/2  feet. 
Terminal  sections   of  branches,    such  as  the   24-inch  branch  (McKnight  1968), 
were  not  tested  in  these   studies  nor  was  the  branch   tip  m<>thod  described  by 
Wilson  (1959). 

A   six- section  aluminum  pole-pruner  with  a  total  length  of  35  feet  was 
used  to  remove   1  5-inch  twigs  from  sample  trees.      Maximum  height  of  sam- 
pling was   about  40  feet  if  the  pruner  were  held  at   chest   height.      Different 


numbers   of  sections  were  used  so  as  to  sample  different  parts   of  the  crown  at 
random.      The  pole-pruner  was  equipped  with  an  iron- rimmed  basket,    18   inches 
in  diameter  and  having  a  muslin  net.      The  twigs   clipped  into  the  basket  were 
normally  examined  on  a  mat  in  the  field  as  sampling  proceeded.      Usually,    two 
men  operated  pole-pruners  and  two  men  examined  twigs   for  budworm.      A  modi- 
fied tree  pruner  which  both  cuts  and  holds  twig  samples  has  been  described  by 
Stein  (1969). 

When  we  climbed  trees  to  remove  whole  branches,    a  Z4-foot  aluminum 
ladder  was   used  to  gain  access  to  the  lower  branches   of  trees;  branches  were 
reinoved  with  hand  snips   or  pruning   saw.      When  larval  populations  were   sampled, 
branches  were  carefully  passed  down  the  tree  from  one   cliniber  to  another. 
When  egg  populations  were   sampled,    branches  were  thrown  clear  of  the   crown 
so  as  to  land  on  a  large  canvas  niat.      Branches  taken  to  sample  feeding  larvae 
were  examined  on  a  cloth  in  the  field.      Branches  taken  to  sample  egg  populations 
were  carried  intact  back  to  the  field  laboratory.      Each  branch  was  then  cut  into 
two  piles   consisting  of  15-inch  twigs  and  remaining  foliage.      A   crew  of  four 
women  clipped  the  foliage  in  each  pile  into  smaller  pieces  and  removed  all 
insect  material.      The  crew  chief  separated  egg  masses  from  extraneous  material 
and  placed  both  types   of  material  in  individual  triple  0  gelatin  capsules.      He 
listed  insect  material  by  branch  on  a  standard  form  and  periodically  checked 
foliage  as  it  was  discarded.      Later,    a  scientist  examined  the  material  and 
separated  egg  masses  into  "new"   and  "old"   categories. 

Foliated  branch  area  was  determined  by  the  method  of  Morris   (1955), 
with  a  modification  to  accommodate  the  irregular  shape  of  Douglas-fir  branches. 
The  modified  method  involved  measuring  foliated  length  and  greatest  foliated 
width  (rather  than  width  at  midlength)  and  calculating  the  area  as  two  triangles. 
Numbers   of  budworm  were  expressed  on  the  basis   of  1  ,  000   square  inches.      If 
a  branch  forked,    foliated  area  of  each  of  the  forks  was  calculated   separately 
and  the   sum  of  these  areas  determined. 


Vertical  Distribution  of  Foliage  Sampling  Units 

Numbers   of  foliage   sampling  units  were  estimated  on  codominant  Douglas- 
fir  trees  to  determine  their  proportion  among  crown  thirds,    variation  in  total 
number  between  trees,    and  any  biological   significance  associated  with  these 
units. 


Methods 

Units   studied  were  the  whole  branch,    foliated  branch  area,    and  the   15-inch 
twig.      Fifteen  trees   ranging  from   53  to  78  feet  in  height  were  felled,    then  their 
crown  lengths  were  measured  and  divided  into  thirds.      Number  of  living  branches 
was  counted,    and  each  was   designated  as  primary  or  internodal.      Starting  at  the 
base  of  the  crown,    we   removed  every  fourth  branch,    measured  its  foliated 
branch  area,    and  counted  the  number  of  1  5-inch  twigs.      Total  foliated  area  and 
total  number  of  1  5-inch  twigs  in  each  crown  third  were  obtained  by  applying  the 
ratio  of  total  number  of  branches   counted  to  number  of  branches   sampled. 


We  hypothesized  that  the  distribution  of  foliage   (foliated  branch  area  and 
number  of  1  5-inch  twigs)  would  approximate  that  for  the   surface  of  a  right  cir- 
cular cone.      If  so,    foliage  would  be  distributed  in  the   following  proportion: 
upper  third,    1;  middle  third,    3;  and  lower  third,    5.      An  alternative  was  to  deter- 
mine foliage  distribution  by  regression  analysis.      However,    conformity  to  the 
distribution  for  a  right  circular  cone  would  have  an  important   implication:     If 
numbers  of  budworm  were  approximately  the   same  in  each  crown  third,    average 
numbers  per  unit  of  foliated  branch  area  would  always  be  found  within  the  middle 
third.      Thus,    sampling  for  purposes  of  trend  would  be  greatly  simplified.      Also, 
a  known  distribution  of  foliage  between  crown  thirds  would  provide  a  means  for 
weighting  estiinates  of  defoliation  by  crown  third  to  obtain  a  single  defoliation 
estimate  for  the  tree. 


Besults 

Number  of  primary  branches  did  not  differ  significantly  among  crown 
thirds,    but  number  of  internodal  branches  was  much  higher   in  the   upper  third, 
approximating  the  number  of  primary  branches,    than  in  the    other  crown  thirds 
(table    1)  .      Thus,     if  whole    branches    are  used  to  sample  the  various   crown 
thirds,     particular  care  must  be  taken  in  the   upper  third  to  avoid  a  biased 
selection. 

Table   }  .--Vei'tiGal  distribution  of  branahes  on  Douglas- fir  trees 

near  Baker,    Oregon,    1955 


Number  of  primary  branc 

;hes 

Number 

of  internodal  branches 

Tree 

by  crown  third 

by  crown 

third 

number 

Lower 

Middle 

Upper 

Total 

Lower 

Middle 

Upper 

Total 

1 

39 

40 

54 

133 

0 

0 

28 

28 

2 

51 

48 

58 

157 

0 

8 

24 

32 

3 

36 

42 

67 

145 

0 

0 

12 

12 

4 

36 

38 

40 

114 

0 

4 

40 

44 

5 

47 

52 

44 

143 

0 

16 

84 

100 

6 

45 

47 

52 

144 

0 

8 

36 

44 

7 

40 

40 

54 

134 

4 

8 

24 

36 

8 

52 

47 

44 

143 

0 

0 

52 

52 

9 

55 

50 

32 

137 

8 

16 

44 

68 

10 

49 

47 

53 

149 

0 

16 

48 

64 

11 

34 

39 

50 

123 

0 

4 

40 

44 

12 

58 

61 

60 

179 

4 

16 

52 

72 

13 

35 

27 

48 

110 

12 

12 

24 

48 

14 

50 

39 

38 

127 

4 

12 

72 

88 

15 

40 

42 

46 

128 

0 

12 

40 

52 

Total 

667 

659 

740 

2,066 

32 

132 

620 

784 

Average 

44.5 

43.9 

49.3 

137.7 

2.13 

8.80 

41.33 

52.26 

After  exclusion  of    one  open-growing  tree,    which  had  an  abnormally  large 
amount  of  foliage  for    its  d.  b.  h.    (  diameter  at  breast  height),    foliated  branch 
area  was    distributed    among  the  crown    thirds  as  hypothesized,    with  no  signifi- 
cant   difference  between    the  observed  and    expected  ratios   (table  Z).      There  was 
a  highly  significant  (p    <0.01)  linear  correlation  between  foliated  branch  area 
and  d.  b.  h.    (r  =  0.  88). 

On  the  other  hand,    observed  proportions  of  15-inch  twigs  differed  signifi- 
cantly (p    <0.05)    from  expected  values.      With  the   single  open-growing  tree 
excluded,    the  only  significant  difference  was  between  the  middle  and  lower 
thirds.      There  were  fewer   15-inch  twigs   in  the  lower  third  than  expected,    appar- 
ently reflecting  loss  of  bud  production  and  gradual  dying  of  lowermost  twigs. 
Total  number  of  twigs  on  d.  b.  h.    gave  a  linear  correlation  (  r  =   0.8  9). 

These  findings  provide  initial  guidelines  for  representative   sampling  of 
codominant  Douglas-fir  in  subsequent  research  efforts  and  a  means  for  weightinj 
defoliation  estimates   obtained  by  crown  third,    for  use  in  biological  evaluations. 


OPTIMUM  SAMPLE  SIZE  AND  ALLOCATION  AT  TWO 
SAMPLING  PERIODS    USEFUL  FOR    PREDICTION 

Two  periods-- eggs,    and  larvae  in  opening  buds--offer  particular  promise 
in  developing  a  method  for  predicting  damage  over  large  areas,    in  order  to 
anticipate  control  needs.     One  approach  is  to  develop  techniques  to  predict  lar- 
val   counts  fromi  egg  counts  and  then  to    predict  foliage  damage  from  larval 
counts.      Two  other  periods- -  second-instar  larvae  in  hibernacula  and  pupae-- 
also  offer  some  promise  as  a  basis   for  predicting  numbers  of  larvae  in  buds, 
but  sampling  techniques  need  further  development.      The  basis  for  prediction  is 
empirical  and  will  be  discussed  later. 

The  first  need  was  to  develop  methods  for  obtaining  sample   estimates  of 
budworni    density  with  an  acceptable  precision  and  at  an  acceptable  cost.     Sam- 
pling data  were  collected  at  plots   separated  by  35  miles  or  more,    each  plot  in 
a  relatively  homogeneous   stand  condition  extending  between   15  and  Z5  acres. 
Each  plot  consisted  of  five  subplots  located  five  chains  apart  on  a  compass  line. 
At  each  subplot,    two  trees  were  marked  for  egg   sampling  and  five  for  larval 
sampling.      Three  or  four  plots  were  samipled  each  year;  plots  affected  by 
spraying  were   replaced. 

Egg  Populations 

Objectives  were  to  determine:     (1)  whether  significant  differences   in 
number  of  egg  masses  occurred  between  crown  thirds,    (  2)    relative  efficiency 
of  estimates  for  different  sample  units   from  different  crown  thirds,    and  (3) 
optimum  size  and  allocation  of  samples  for  the  middle  crown  third.       Middle 
crown  third  was   specified  in  objective   3  so  essentially  the   same  part  of  the 
crown  would  be   sampled  at  successive  life   stages. 
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Methods 

Egg  populations  were  expressed  as  number  of  egg  masses;   sample  units 
tested  for  the  different  crown  thirds  were  the  whole  branch  and  foliated  branch 
area.      In  objectives   1    and  2,    data  were  from  two  low  population  plots  in   1*^55, 
one  plot  with  a   rapidly  increasing  population   sampled  from  1955  through   1957, 
and  one  high  population  plot  in   1957.      Two  trees  per  subplot  were   sampled  at 
the  plot  studied  for   3  years   and  one  tree  per   subplot  at  all  other  plots.      One 
branch  was   removed  and  examined  per  crown  third. 

Differences  in  egg  mass  populations  by  crown  thirds  were  tested  by 
analysis  of  variance.      At  the   3-year  plot,    some   sample  trees  were  replaced 
during  the   3-year  period.      Therefore,    analysis  v/as  based  on  five  trees   used 
both  in  1955  and  1956,    and  five  trees  used  both  in  1956  and  1957.      In  addition, 
all   10  trees  used  in  1956  were  tested.     At  the  other  plots,    analysis  was   for  a 
single  year. 

Relative  efficiency  of  sampling  different  crown  thirds   for  egg  niasses  was 
analyzed  by  the  following  criteria:     (  1)    coefficient  of  variation  of  the  mean 
among  subplots  and  (Z)  costs  of  obtaining  and  examining  samples. 

Optimum  size  and  allocation  of  samples  for  the  middle  crown  third  were 
determined  from  variation  within  and  among   subplots  and  from  relative  costs 
attributable  to  plots   (stage   1),    subplots   (stage  Z),    and  trees   (stage   3),    using 
a  multistage  computer  program. _'      Optimization  was   initially  based  on  a 
sampling  error  of  ZO  percent  at   p  =  0.  05.      Other  options  used  for  comparison 
were:      SE  =  0.  1  0  at  p  =   0.  0  5  and  p=   0.10;   SE  =   O.ZOat  p=  0.10;  and   SE  ^  0.  40 
at  p  =   0.  05  and   p  =   0.10.      Data  consisted  of  1  Z   records  from  five  plots  during 
1955-57.      At  each  subplot,    we   sampled  two  trees  by  removing  one  midcrown 
branch  from  each  tree  and  examining  it  for  new  egg  masses.      Plot-years  having 
similar  means  were  pooled  so  as  to   recognize  three  population  strata--low, 
medium,    and  high.      Following  this  analysis,    allocation  of  resources  for  low 
populations  was   retested,    using  Region  6  survey  data  for  plots  with  five  trees-- 
six  plots   in  Douglas-fir   stands   and  five  in  grand  fir  stands.      Because  two 
longitudinal  half-branches  per  tree  were  taken  at  survey  plots,    the  sample 
branch  was   selected  by  flipping  a  coin.      The  number  of  egg  masses  on  the 
selected  branch  was  then  doubled. 

Stratification  of  egg  populations  for  multistage  analysis  was  based  on  the 
following  parameters,    in  terms  of  number  of  egg  masses  per  one  inidcrown 
branch  sainple  per  Douglas-fir  tree. 

Stratum  Mean  Range 

Low   (four  plots)  4.45  3.1-5.7 

Medium  (five  plots)  9.  Z4  7.1-12.1 

High  (three  plots)  25.57  19.5-33.9 


John  W.  Hazard  and  Larry  E.  Stewart.  Choosing  sample  sizes  in  nndtistage  sampling.  (In  preparation  for 
publication.  Pacific  Northwest  Forest  and  Range  Experiment  Station,  j 
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The  low  population  stratum  for  survey  plots  was  essentially  the  same  as 
for  the   research  plots,    using  plot  averages  based  on  the  two  midcrown  branch 
samples  as  a  guide.      However,    the  exercise  in  randomization  caused  the  upper 
range  on  grand  fir  to  infringe  on  the  lower  range  of  the  medium  category. 
Paraineters   in  terms  of  egg  masses  per  single  midcrown  branch  for  this 
stratum  at  the  survey  plots  were: 


Species 


Mean 


Range 


Douglas-fir  (six  plots) 
Grand  fir   (five  plots) 


3.  93 

4.  92 


Z.  4-6.  4 
3.  2-7.  2 


Results 

Differences   among  crown   thirds. — When  the  whole  branch  was  used,    egg 
mass  numbers  were  generally  lowest  in  the  upper  crown  third  (table   3).      How- 
ever,   significant  differences  were  found  only  at  the   3-year  plot.      In   1  956,    num- 
ber of  egg  masses  in  the  upper  third  was   significantly  lower  than  those  in  the 
middle  third;  in  the   1956-57  comparison,    numbers   of  egg  masses   in  both  the 
upper  and  lower  thirds  were  significantly  lower  than  those  in  the  middle  third. 

When  foliated  branch  area  was   used,    density  of  egg  masses  was   generally 
lowest  in  the  lower  crown  third  and  highest  in  the  upper  crown  third   (tabic   3). 
A   significant  difference  was  found  only  in  the   1956-57  comparison  for  the   3-year 
plot;   egg  mass  density  was    significantly  higher  in  the  upper  crown  third  than  in 
the  lower  crown  third. 

These  findings  are  not  entirely  conclusive.      However,    the  middle  third 
appears  likely  to  provide  average  estimates  for  the  tree,    in  terms  of  either 
number  of  egg  masses  or  egg  mass  density. 

Efficiency   of  different  crown   thirds.  —  The  analysis  of  relative  efficiency 
of  different  crown  thirds  for  sampling  showed  variation  of  estimates  to  be  a 
minor  factor  and  costs  a  niajor  factor.      Coefficients   of  variation   [CV)   among 
subplots,    for  either  the  whole  branch  or  foliated  branch  area,    were  not  consis- 
tently lower   or  higher  for  any  particular  crown  third.      A   slight  advantage  was 
gained  from  expressing  egg  masses   on  a  branch  area  basis;   for  all  plots, 
average  CV  for  the  whole  branch  was  0.  631   and  for  foliated  area,    0.  623.      At 
the   3-year  plot,    where  two  trees  were  sampled  per  subplot,  CV s  were  lower 
than  at  the  other  plots,    0.  579  and  0.  568,    respectively. 

Costs   of  collecting  and  examining  branches  were  lowest  for  those   from 
the   upper  third,    with  progressively  increasing  costs  for  middle  and  lower 
thirds.      Differential  costs  of  collecting  branches,    based  on  one  man  climbing 
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and  one  man  on  the    ground,    were  minor;  differential  costs  of  examination  were 
major.      A   simplified  breakdown  of  costs  per  branch  in  man-hours  is  as  follows: 


Collecting 
Examining 


Upper 
third 

0.  8 
2.  3 


Total 


3.  1 


Middle 
third 

0.  6 

4.  5 

5.  1 


Lower 

thir 

■d 

0. 

4 

6. 

7 

7.  1 


Samples  from  the  upper  crown  third  provide  the  most  efficient  basis   for 
measuring  levels  of  egg  populations,    if  qualified  climbers  are  available.      How- 
ever,   if  the  objective  of  sampling  requires  estimates  which  are   representative 
for  the  tree,    one  would  sample  the  appropriate  crown  third  and  accept  the  higher 
costs  involved.     Development  of  a  method  of  subsampling  the  branch  would 
reduce  costs  and  probably  result  in  different   relative  efficiencies   among  crown 
thirds . 

Optimum  sample   size.  —  Multistage  analysis  of  sample  counts  and  cost  data 
for  the  middle  third  showed  optimum  sample   size  and  allocation  to  differ  between 
high  or  medium  populatiojis  and  low  populations   (table  4),      In  high  and  medium 
populations,    variation  among  third- stage  units   (trees)   is   sufficiently  small  that 
only  one  tree  should  be  sampled  per  subplot;  it  is  efficient  to  take   several   sub- 
plots within  a  stand  and  sample  several  stands.      For  these  higher  population 
levels,    six  to  eight  plots,    each  consisting  of  eight  or  nine  scattered  trees,    are 
near  optimum  at  SE  =   0.  20  and   p  =   0.05  for  sampling  a  specified  area.      In  low 
populations,    variation  among  third-stage  units  is  very  large  relative  to  the 
other  stages,    and  three-stage   sampling  is  not  an  acceptable  alternative.      Instead, 
a  10-tree  subplot  should  be  the  smallest  unit  of  sannpling.     A  two- stage  analysis 
of  egg-mass  data  from  five-tree   survey  plots  confirmed  this  conclusion.      Ten- 
tree  or  larger  clusters   should  be  the  secondary  units  to  be  selected  from  the 
number  of  possible   such  units  per  stand,    and  "n"   stands  should  be  selected  as 
the  sample  of  primary  units.      In  eastern  Oregon,    groups  of  Douglas-fir  in  the 
specified  stratuni  and  accessible  for  sampling  rarely  exceed  10-12  trees. 

Estimated  number  of  plots  for  different  levels  of  precision  and  confidence, 
excluding  low  populations,    are  summarized  below. 

SE  p  Medium  High 

(Number  of  plots) 


0.  10 
.  10 


0.  05 
.  10 


24.  3 
17.  1 


30.  4 
21.  4 


20 

.  05 

6.  1 

7.6 

20 

.  10 

4.  3 

5.4 

40 

.05 

1.  5 

1.9 

40 

.10 

1.  1 

1.  3 
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Various  options   on   sample   size  may  be   selected  within  budgetary  constraints 
selection  may  be  influenced  by  nuniber   and  size  of  infested  areas.      Further,    a 
higher  priority  for  sampling  is  likely  to  be  assigned  to  medium  and  high  popula- 
tions,   as   compared  with  low  populations.      If  a  single  large  area  were  to  be  sam- 
pled,   one  might  prescribe    SE  -   0.10  and   p-   0.10;    sampling   requirements  would 
be  about   17  clusters  for  medium  populations  and  Zl    for  high  populations.      If 
several  areas  were  to  be  sampled,    one  might  prescribe    SE  =  0.  20  and   p  =  0.  10; 
sampling   requirements  per  area  would  be   four  to  five   clusters   for  medium  popu- 
lations  and  five  to   six  for  high  populations.      Budgetary  restraints  would   normally 
encourage   sample   sizes  based  on    SE  =  0.20  and  either   p=  0.05  or  0.  10,    rathe  r 
than  higher  precision.      Higher   sampling  errors  would  be  tolerable  for  low  popu- 
lations.     Since  multistage  sampling  appears  to  be  an  unacceptable  alternative  for 
low  populations,    we   recommiend  only  that   10-tree  or  larger  clusters  be   sampled 
in  several  stands  or  locations.      Variation  among  these  clusters  will  determine 
the  exact  number  of  stands. 


Larvae  in  Opening  Buds 

Objectives  were  to  determine:     (1)   significant  differences  in  numbers  of 
larvae  between  crown  thirds,    (2)    relative  efficiency  of  1  5-inch  twigs   and  whole 
branches   in   sampling  the  same  part  of  the  crown,    and  (3)   optimum  size  and 
allocation  of  samples   according  to  trees,    subplots,    and  plots.      A  major  concern 
was  the  development  of  an  efficient  sanipling  method  based  on   removal  of  1  5- inch 
twigs  with  a  pole-pruner,    rather  than  on  whole  branches   obtained  by  tree  climbers, 


Methods 

Differences    in    numbers    of    larvae    by    crown    third    were    tested    in    1955, 
using  six  randomly  selected  trees  at  a  plot  having  low  populations.      Three  whole 
branches  were   removed  from  each  crown  third,    and  individual  and  total  branch 
areas  were  determined  for  each  third.      All  damaged  buds  were  opened  and  total 
number  of  spruce  budworm  larvae   recorded  for  each  group  of  three  branches. 
Covariance  analysis  of  number  of  larvae  and  foliated  branch  areas  was   used  to 
test  for  differences  between  crown  thirds,    after  adjusting  numbers  of  larvae  to 
a  common  foliated  area  (average  for  all  trees).      The   same  analysis  was   run 
without  adjustment  of  counts  to  a  foliated  area  basis. 

Relative  efficiency  of  sampling  by  (1)    15-inch  twigs   removed  by  use  of  a 
pole-pruner  and  (2)  branches  obtained  by  climbers  was  determined  in   1956  at  a 
low-population  plot,    and  in   1957  at  a  high-population  plot.      Sampling   units  wer(> 
a  four-twig  lot,    taken  from  each  of  25  trees,    five  per   subplot, and  either  two 
branches    (low- population  plot)   or  one  branch   (high-population  plot)   from  each  of 
10  trees,    two  per  subplot.      Sample  twigs  were  cut  at   random  from  the  lower  half 
of  the  crown.      Branch  samples   from  the  low-population  plot  were  taken  from  the 
middle  of  the  lower  half  of  the  crown  and  from  the  high- population  plot  at  mid- 
crown.      Larvae  were  counted  on  these   samples,    and  number  of  man-hours 
required  for   sampling  was   recorded.      Relative  efficiency  was  based  on  a  com- 
parison of  coefficients  of  variation  and  number  of  trees  that  could  be   sampled 
in  a  unit  period  of  time.  , 

1  5 


Optimum    allocation  of  sampling  effort  was  determined  for  the  method 
based  on   1  5-inch  twigs.      Analysis  was  based  on  variance  in  numbers  of  larvae 
on  four-twig  lots  at  standard  plots,    and  relative  costs  attributable  to  plots,    sub- 
plots,   and  trees.       Different  population   strata  were    recognized  and  separate 
analyses  were  made  for  each  stratum.      The  multistage  computer  program  by 
Hazard  and  Stewart    (see  footnote   3)    was  used  again  to  determine  the  most  effi- 
cient allocation  of  plots   (stage   1),    subplots   (stage  2),    and  trees   (stage   3). 

A  total  of  18  plot   records  was   examined  in  order  to  pool  data  into  logical 
strata.      Initial   stratification  was  based  on  the  plot  mean  (average  number  of 
larvae  per  four  twigs).      A  second  step  was  to  reconcile  the   stratum  for  each 
plot  with  the   stratum  recognized  during  egg  sampling  the  previous   fall.      Final 
recognition  of  the  different  strata  was  based  on  the  following  parameters,    in 
terms   of  larvae  per  four  15-inch  twigs: 

Stratum  Mean  Range 

Low  (seven  plots)  8.17                            5.64-9.84 

Medium  (five  plots)  13.27  11.24-17.40 

High  (four  plots)  35.38  23.88-43.20 

Very  high  (two  plots)  77.72  68.00-87.44 

Analyses  were  necessarily  restricted  to  three  strata.      An  additional   run 
was  made,    combining  high  and  very  high  populations. 

Results 

Differenaes   among  crown   t/^trds. --Numbers  of  larvae  did  not  differ   signifi- 
cantly among  crown  thirds,    either  on  a  foliated  branch  area  basis  or  on  branches 
unadjusted  for  area.      Before  adjustment  for  branch  size,    mean  numbers  of  larvae 
were  highest  in  the  lower  third  and  lowest  in  the  upper  third.      After  adjustment, 
the  order  was   reversed  (table   5).      Thus,    vertical  distribution  of  larvae  in  the 
buds   is  apparently  no  different  from  that  of  egg  masses;   for  both  life   stages,    the 
population  is  generally  distributed  over  the  whole  crown.      As  a  result,    consecu- 
tive sampling  for  the  two  life  stages  appeared  feasible  to  test  predictive  value 
of  egg  mass   sampling. 

Relative   effiaienoij   of  two  sampling  met/^ods. --Sampling  larvae  in  the  buds 
by  the    1  5-inch  twig  method  was  more  efficient  than  sampling  by  whole  branches. 
Means   of  four-twig  lots  had  higher  coefficients  of  variation  than  did  whole-branch 
means,    but  the   cost  of  twig- sampling  was  much  lower  than  that  of  branch- sampling. 
At  the   low-population  plot,    average  costs  per  tree  of  obtaining  and  exaniining 
samples  were   1  .  2  man-hours  for  1  5-inch  twigs,    and  3.  6  for  whole  branches  (two 
branches  per  tree).      At  the  high-population  plot,    the  costs  were   1.  5  man-hours 
for   15-inch  twigs  and   5.  7  for  whole  branches   (one  branch  per  tree).      Examina- 
tion of  whole  branches   is  costly,    and  costs  increase   rapidly  with  density  of 
larvae. 
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Table  b .--Vertical  distribution  of  larvae  in  buds  on  sample  branches 
from  Douglas- fir  trees  near  Baker,   Oregon,    19 bS 


Tree 

D.b.h. 

Lower  third 
of  crown 

Middle  third 
of  crown 

Upper  third 
of  crown 

number 

Fol iage 
area 

Larvae 

Fol iage 
area 

Larvae 

Foliage 
area 

Larvae 

1 

2 
3 

4 
5 
6 

Total 

Column  means 
Adjusted  means- 


Thousand 

Thousand 

Thousand 

Inches 

sq.    in. 

Numb 

er 

sq.    in. 

Numb 

er 

sq.    in. 

Number 

11.6 

4.709 

57 

3.468 

30 

1.023 

38 

12.5 

8.758 

93 

5.427 

76 

1.066 

35 

10.8 

3.493 

6 

1.620 

15 

.597 

2 

10.1 

5.721 

32 

3.810 

37 

1.227 

25 

8.9 

3.495 

45 

2.282 

36 

.919 

42 

9.7 

6.357 

8 

1.882 

12 

1.929 

31 

32.533 

241 

18.489 

206 

6.761 

173 

/ 

40. 

17 

34. 

33 

28.83 

23. 

43 

35. 

31 

44.60 

1/ 


Adjusted  to  average  foliated  branch  area  for  all  tree  samples, 


Analysis    involved    computation    of    relative    sampling    errors,     using 


SE%  =\/-^^  ,    with  n  the  number  of  trees  that  can  be   sampled  in  a  unit  period  of 

time.      When  50  man-hours   is  used  as  the  unit  period,    the  following  tabulation 
illustrates  the  difference  in  efficiency  of  the  two  methods: 


Sampling 
unit 

Twig  lots 
Branches 


Low-population  plot 


CV 

0.  57 
.42 


n_ 

42 
14 


SE% 


11 


High-population  plot 


CV 

0.  51 
.  47 


n_ 

34 
9 


9 
16 


Optimum  sample   size.  —  Optimum  allocation  of  effort  for  sampling  larvae  in 
buds  was  found  to  vary  with  population  strata,    a  situation  also  found  in  egg-mass 
sampling.      In  terms  of  range  of  sample  estimates,    the  low- population  stratum 
was  narrow,    but  medium-   and  high-population  strata  were  broad.      A   very  high 
level  was   recognizable  at  one  plot  for  2  years.      However,    in  first-year   sam- 
pling,   no  more  than  two  strata  of  higher  populations,    medium  and  high,    can 
reasonably  be  considered. 
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To  sample  low  populations,    several  clusters   of  10  trees  or  more,    as 
prescribed  in  egg-mass   sampling- -but  in  a  very  few  stands  - -appear  to  be  the 
most  efficient  approach.      For    SE  -  O.ZO  at   p=   0.05,    the  multistage  analysis 
indicates    six  10-tree   subplots   at  each  of  two  plot  locations  to  be  the  approxi- 
mate  sampling   solution  (table   6).      Broadening  the  concept  of  a  plot  location 
would  permit  random  selection  of  10-tree   clusters   from  various  nearby   stands 
and  would  improve  the  general  approach  to  sampling. 

In  the  case  of  medium  populations,    components  of  variation  of  the   second 
and  third  stage   are  too  large  to  define   satisfactorily  a  multistage  problem, 
possibly  because  this   stratum  is   in  fact  a  mixture  of  low  and  high  populations. 
The   solution  from  analysis   indicates  that  a  very  large  number   (i.  e.  ,    75)  of 
clusters   of  1  0  trees  or  more   should  be   allocated  to  a  single   stand   (table  6).      This 
is   unrealistic  because  homogeneous   stand  conditions   are   usually  restricted  to 
1  5- ZO  acres.      The  best  approach  is  probably  to  sample  fixed  clusters  of  trees 
scattered  over  a  designated  area,    without  reference  to  particular  stands. 

To  saniple  high  populations   as  defined,    two  clusters  or   subplots   each 
consisting  of  1  0  or  more  trees   should  be   sampled  at  each  of  a  few  plots   (table  6). 
For  SE  =   0.  ZO  at   p  -  0.  05,    five  plots  are  adequate.      Pooling  two  plot  records 
for  very  high  populations  with  the  four  records  for  high  populations   resulted  in 
substantially  increased  sampling   requirements.      For  the   same  precision,    about 
19  plots   should  be  sampled,    using  one  cluster  of  10  or  more  trees  in  each  plot. 
Good  criteria  for  preliminary  recognition  of  very  high  populations  would  help 
avoid  the  combination  of  these  two   strata  and  thus  conserve   sampling   resources. 

Other  levels   of  precision  and  confidence  provide   some  options   on   san^ipling 
low  and  high  populations,    but  not  medium  populations   because  these  were  charac- 
terized by  very  high  variation.      With  low  populations,    accepting    SE  -  0.  ZO  at 
p  =   0.  1  0  or    Sfi"  =  0.  40  at   p  =  0 .  05  leads  to  rejection  of  the  multistage   solution. 
The   result,    however,    provides  an  option  to  utilize  cluster  sampling  in   several 
stands  at  each  of  very  few  locations  as   in  egg- sampling.      A  higher  precision 
(SE  -   0.10  at   p=  0.05)  prescribes  five  plots  with  six  10-tree  clusters  per  plot. 
With  high  populations,    increased  precision  leads  to  a  substantial   increase  in 
numbers  of  plots  consisting  of  two   10-tree  clusters  per  plot,    with  1  8  at  S'fi'  ==   0.  1  0 
and  p=   0.05,    and  13  at  SE  =  0.10  and  p  ~   0.10,      Budgetary  restraints  would 
normally  discourage  this  intensity  of  sampling,    particularly  if  two  or  more 
areas  were  to  be   sampled,    because  of  greatly  increased  costs   associated  with 
examining  twigs  when  larval  populations   are  high. 

Estimated  numbers  of  plots   for  different  levels   of  precision  and  confidence, 
excluding  medium  populations,    are   summarized  below. 
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Preliminary  stratification  of  an  infested  area  by  an  aerial   survey  should 
be  useful    in  planning  overall  allocation  of  sampling  effort.      In  Oregon  and 
Washington,    areas   showing  different  degrees  of  damage  are   sketch- mapped 
according  to  predetermined  standards   (Wear  and  Buckhorn   1955).      Although 
this  damage  was  caused  by  the  previous  brood,    the  differences  would  furnish 
broad  guidelines  for  sampling  the  new  generation. 

CORRELATION  OF  SAMPLE  ESTIMATES  IN  SUCCESSIVE  PERIODS 

Positive  relationships  between  sample  estimates  at  particular  life   stages 
are  needed  to  develop  a  reliable  method  for  predicting  damage.      Although  sur- 
veys can  utilize  a  direct  relationship  between  budworm  density  at  a  nonfeeding 
stage  and  damage,    we  wanted  to  include  estimates  of  larvae  in  buds  as  part  of 
the  predictive  process.      If  it  were  not  possible  to  predict  density  of  larvae  in 
buds,    prediction  of  damage  from  an  early  nonfeeding  stage  might  be   suspect. 
Further,    some   surveys  might  be  based  on  sampling  larvae  in  buds  if  a  control 
decision  were  not  imminent. 

The  first   relationship  needed  is   one  between  densities   of  a  preceding 
nonfeeding  budworm  stage  and  larvae  in  opening  buds.     Stages  tested  as  indica- 
tors of  larvae  in  buds  were:     (1)   eggs,    (2)  hibernating  larvae,    and  (3)  pupae  of 
the  previous   generation.      The   second  and  most  critical  relationship  is  between 
density  of  larvae  in  buds  and  damage  to  current  needle  growth,    to  be  discussed 
in  the  next  section. 

Egg  Stage  for  Predicting  Larvae  in  Opening  Buds 

The  objective  of  analysis  was  to  determine  whether  density  of  new  egg 
masses  or  hatched  eggs  was  indicative  of  density  of  larvae  attacking  buds  the 
following   spring.      The  egg  stage  is  a  good  starting  point  because  hatched  egg 
masses  are  available  for  sampling  over  an  extended  period. 


Methods 

Data  were  obtained  from   study  plots  where   10  trees  were   sampled  for 
egg  density  and  25  trees   for  larval  density.      The  sampling  unit  for  egg  density 
was  foliage  area  of  a  single  whole  branch   removed  at  midcrown;  and  for  larval 
density,    four  1  5-inch  twigs    removed  from  the  lower  crown  half  by  use  of  a 
pole-pruner.      Egg  density  was  expressed  as  average  number  of  egg  masses  or 
hatched  eggs  per   1  ,  000   square  inches   of  foliage.      Larval  density  was   expressed 
as  numbe  r  of  larvae  per  100  twigs   or  per   1,000  buds.      Egg  mass  density  at  one 
plot  in   1    year  was   corrected  downward  because  of  an  unusually  high  egg   sterility. 
Since  normal  hatch  was   80  to  90  percent,    the  density  at  this  plot  was   corrected 
on  the  basis   of  85-percent  hatch. 
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The  degree  of  association  between  egg  density  and  larval  density  was 
tested  by  statistical  correlation  and  regression  analysis,    using  a  coniputer 
program.      The  basis  was   14  plot   records  when  larval  density  was  based  on 
100  twigs  and  IZ  plot  records  when  it  was  based  on  1,000  buds.      At  one  plot 
represented  by  two  records,    no  bud  counts  were  obtained. 


Results 

Highly  significant   (p    <0.01)   linear  correlations  were  obtained  between 
density  of  larvae  per  100  twigs  and  densities   of  egg  masses  and  hatched  eggs. 
Correlation  coefficients  were  0.  69  when  density  of  egg  masses  was  the  indepen- 
dent variable  and  0.  71    when  density  of  hatched  eggs  was  the  independent  variable. 
There  was   some   statistical  evidence  in  both  cases   for  a  curvilinear   relationship, 
but  the  linear  form  (figs.    1    and  2)  appeared  more   reasonable.      Linear   regres- 
sion equations  were  as  follows: 

Larvae  per   100  twigs   on  egg  masses  per   1,000   square  inches 
of  foliage:     y  =   '•).  19  +  85.  S4x. 

Larvae  per  100  twigs  on  hatched  eggs  per   1,000   square  inches 
of  foliage:     y  =  -11.56+   2.  504a:. 

Density  of  egg  masses  gives  siinilar  results  to  hatched  eggs  if  normal 
hatching  rate  (85  percent)  and  average  size  of  egg  mass  (42)  are  considered. 
However,  if  oviposition  should  be  abnormal  in  regard  to  size  of  egg  mass  or 
percent  of  eggs  hatching,    density  of  hatched  eggs   should  be  used  for  predictions. 

A  highly  significant  (p    <0.01)  linear  correlation  was  obtained  between 
larvae  per  1  ,  000  buds  and  egg  mass  density  (r  =  0.  82).      A   significant  (p   <0.  05) 
curvilinear  (cubic)   correlation  was  also  found,    but  the  linear  relationship, 
y  -   25.  40  5  +   25.  908a;,    appears  to  be  the  more  reasonable  form  for  prediction. 
This  linear  relationship  (fig.    3)  is  better  than  that  found  with  larvae  per  100 
twigs  (fig.    1).      Expressing  number  of  larvae  on  the  basis  of  buds,    rather  than 
1  5-inch  twigs,    results  in  less   variation  around  regression. 


Hibernating  Larvae  for  Predicting  Larvae  in  Buds 

In  1950,    a  study  was  made  to  determine   relative  numbers  of  hibe  mating 
larvae  on  tree  parts  of  Douglas-fir  and  the  value  of  samples  taken  from  these 
tree  parts  in  predicting  initial  density  of  spring-feeding  larvae.      Nondestructive 
sampling  was  used  so  that  successive  samples  could  be  taken  on  the  same  trees. 
In  order  to  minimize   intratree  variation,    sampling  was   restricted  to  the  middle 
third  of  the  crown. 
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Figure  1.— Linear    regression    of  larval   density   from    twig 
samples  on  egg  mass  density. 
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Figure  2.— Linear    regression    of  lanal   density   from    twig 
samples  on  density  of  hatched  eggs. 
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Figure  3.— Linear  regression  of  lan'al  density  in  buds  on  egg  mass  density. 


Methods 

Samples  for   hibernating  larvae  and,    later,    feeding  larvae  were  taken 
from  the   same  two  midcrown  branch  whorls,    consisting  of  either   six  or  eight 
branches   on    each  of  1  1    codominant  trees.      Sample  trees  were    scattered  at 
six   points  over  a  distance  of  several  miles  in  the  Catherine  Creek  drainage, 
near  Union,     Oregon.      The  study  of  distribution  on  tree  parts  used  only  nine  of 
the  11    trees  because  of  a  missed  observation  on  two  trees. 

To  obtain  estimates  of  numbers  of  hibernating  larvae,    we  cut  two    rectan- 
gular bark  samples  totaling  105  to  Z26  square  inches  from  opposite   sides  of  the 
bole    at    midcrown  and  removed  every  second  limb  in  the  adjacent  two  whorls. 
Sample  limbs  were  divided  into  bare  portions  and  foliated  portions.   Bare  portions 
were  divided  into  sections  of  the  main  limb  and  small  crooked  sections  at  the 
base  of  branchlets.      Foliated  portions  were  divided  into  1  5-inch  twigs  and 
remaining  twigs.       Remaining  twigs  were  estimated  as  one-third  of  the  total 
foliated  length,  then  discarded.    The   remaining  kinds  of  mate  rial- -bole,    limbs, 
branchlet  bases,    and  15-inch  twigs--were  boxed  separately,    and  numbers  of 
larvae  were   recorded  as  they  issued  from  each  box.      Total  numbers  on  each 
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tree  part  for  an  average  whorl  were  computed;  no  conversion  was  necessary  for 
bare  limb  portions.      Larval  densities  on  bole  samples  were  used  to  compute 
numbers  of  larvae  on  half  the  bole  area  subtending  two  whorls.      Total  bole  area 
was  computed  by  averaging  the  measured  circumferences  halfway  to  the  whorl 
above  and  the  whorl  below  the   sampled  whorls,    and  multiplying  by  the  distance 
between  these  two  points  of  measurement.      Bark  area  of  limbs  was  determined 
by  similar  measurements,    for  expression  of  larval  density. 

We  obtained  estimates  of  numbers  of  feeding  larvae,    after  needle-mining 
and  some   bud-mining  had  occurred,    by  cutting  and  examining  the   remaining 
branches  in  the  two  whorls.      Correlations  were  attempted  for  (a)  number  of 
mined  needles  and  (b)  number  of  feeding  larvae  with  numbers   of  larvae  hiber- 
nating on  different  tree  parts.      Correlations  were  also  attempted  for  (a)  number 
of  mined  needles  and  (b)  number  of  feeding  larvae  with  hibernating  larvae  per 
100   square  inches   of  bark  on  boles   and  linibs.      An  orthogonal  polynomial  test 
was  used. 


Results 

Unfoliated  parts  of  the  trees  produced  the  largest  numbers  of  hibernating 
larvae,    as   shown  by  preliminary  sampling  in  1948._'      Density  of  lichens  on 
boles  and  limbs  tended  to  be   related  directly  to  numbers   of  hibernating  larvae. 
On  trees  having  highest  populations,    limbs  produced  more  larvae  than  did  adja- 
cent bole  areas.      On  trees  having  relatively  low  populations,    there  were  usually 
more  larvae  on  the  bole  than  on  the  limb  sections,    and  an  increased  proportion 
of  larvae  on  foliated  parts   (table  7).      About  79  percent  of  all  larvae  at  midcrown 
were  found  on  limb  components,    which  in  general  agrees  with  findings  by  McKnight 
(1969a)  for  Douglas-fir  in  Colorado;  he  found  about  twice  as  many  larvae  in  each 
crown  third  on  all  limb  components  as  on  the  bole.      Densities  of  hibernating 
larvae  per  100  square  inches  of  bark  are  shown  in  table  7. 

Limb  sections  were  consistently  better  than  bole  samples  as  indicators    of 
subsequent  mined  needle  or  feeding  larvae  populations.      Significant  correlations 
for  limb  sections- -linear,    quadratic,    or  both--were  obtained  in  each  case. 
Correlation  coefficients  for  limb  sections  were  higher  than  those  for  bole  sam- 
ples   when  both  showed  significant  correlations  for  the  same  kind  of  comparison. 
Estimates  of  hibernating  larvae  on  bole  samples  were  correlated  only  with  num- 
bers of  mined  needles  and  not  with  numbers  of  feeding  larvae.      Correlations  for 
branchlet  bases   showed  the  same  form  and  similar  coefficients  as  limb   sections. 
Foliage  estimates  of  hibernating  larvae  were  uncorrelated  with  mined  needles 
but  were  correlated  with  feeding  larvae,    the  latter  possibly  an  artifact  due  to 
differential  larval  survival.      Results  of  correlation  analyses  are  shown  in 
figure  4. 


"//.    I..    Haglitnd.    Unpublished  report.   Bureau  of  Entomology  and  Plant  Quarantine.  Forest  Inseel 
Laboratory.  Portland.  Oregon,  1952. 
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Table  1  .--Numbers  and  density  of  larvae  hibernating  on  boles  and   limb  sections  and  numbers  subsequentl'j  feedinri, 
per  average  branch  whorl  at  midcrown  on   Douglas- fir,    ea:'tern   Orpgnn,    ''.91-0 


Tree 

Lichen 
density 

Larvae  hibernating  on 

Whorl 
total 

Density  of  larvae     ,  ,    c  c     a-        ^ 
hibernating  on      '"^^'^  °^  f^^^""^  ^^'''^ 

number 

Boles 

Limb 
sections 

Branch 
bases 

Foliage 

Tree 

Boles 

Limb       Mined 
sections     needles 

Living 
larvae 

1 

2 

7 

8 

9 

10 

11 


Heavy 
Medium 
Heavy 
Light 
Light 
Light 
Medium 
Light 
Light 
Light 
(2/) 


136 
436 
330 

76 


57 

11 

0 

45 


-Number- 


322 

669 

1,150 

45 

7 

10 

10 

4 

28 

6 


137 

386 

466 

27 

6 

6 

4 

0 

13 

1 

97 


164 
63 
36 
11 
17 
45 
24 
48 
71 

429 


675 
1,655 
2,009 

100 

147 
85 

100 
78 

859 


Per  100  sq.    in.    of  bar'' 


30 

131 

56 

15 


19 
5 
0 

28 


69 
99 


2 
1 
6 
1 
56 


1,076 

780 

1,772 

940 

1,780 

360 

608 

90 

112 

72 

18 

70 

128 

94 

252 

85 

53 

29 

64 

34 

1,278 

1,228 

Total 
Percent 


1,179 
20.7 


2,484 
43.5 


,110 
19.4 


935 
16.4 


5,708 
100.0 


298 


330 


7,141 


3,782 


2/ 


Not  incl uded   in  total . 
Lichen  density  not  recorded. 


Branch 
Curve  form        Boles     Limbs     bases    Foliage 


Number  of 

Mined  needles       Total  hibernating  larvae 

Feeding  larvae       Total  hibernating  larvae 


Correlation  coefficient  (fl) 

Linear  0.82      0.90      0.91       NS 

Quadratic  NS  .98        .97       NS 

Linear  NS  NS         NS        .85 

Quadratic  NS  .93         ,92      NS 


Mined  needles        Hibernating  larvae  per  100  square  inches       Linear  .80         .97         -  - 

Quadratic  .94        NS  -  - 

Feeding  larvae        Hibernating  larvae  per  100  square  inches       Linear  NS  .80         -  - 

Quadratic  NS         NS  -  - 

Figure  4.— Correlations  of  estimates  of  hibernating  larvae  on  different  tree 
parts  with  estimates  of  feeding  larvae,  at  midcrown  on  Douglas-fir  trees, 
eastern  Oregon,  1950. 


Thus,    limb    sections  appear  to  be  the  best   sample  unit  for  attempting  to 
predict  size    of    feeding  budworm    populations.      In  other   regions,    bole  samples 
have  been  tested  for  predicting  defoliation,^/  but  with  unclear   results.      Regres- 
sion   equations    obtained   with    limb    sections    are    shown    below,     for    possible 


^R.  E.  Denton.  Two  unpublished  reports.  Bureau  of  Entomology  and  Plant  Quarantine.  Forest  inseet 
Laboratory,  Coeur  d'Alene.  Idaho.  1951  and  1953. 
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application  to  other  stands  in  the  Blue  Mountains   {  y  -  number  of  feeding  larvae, 
X  =    number  of  hibernating  larvae). 

1.  Mined  needles   on  total  hibernating  larvae   (one  branch  whorl) 

Linear  y   =   257.5+1.70x 

Quadratic  ^=114.1+4.12x-0.0023x2 

2.  Feeding  larvae  on  total  hibernating  larvae  (one   branch  whorl) 

Quadratic  p  =   33.  3  +    3.  60  x-  0.  0029  x^ 

3.  Mined  needles   on  hibernating  larvae  per  100   square  inches 

Linear  P=   127.7+    17.38x 

4.  Feeding  larvae  on  hibernating  larvae  per   100  square  inches 

Linear  y  =   80.  1   +   8.  79  x 

These   results  apply  specifically  to  the  Blue  Mountains  and  those  stands 
in  which  trees  develop  roughened  bark  on  limbs  and  boles  at  a  relatively  early 
age.      Wright  et  al.    (1952)   found  that,    on  smooth-limbed  trees  in  the  Ochoco 
Mountains,    bole  sections  yielded  significantly  more  larvae  per  100  square  inches 
of  bark  than  did  limb  sections ;  Denton  (1953)  and  Terrell  (1959)   reported  the 
same   results  for  the  northern  Rocky  Mountains.     Smooth-bark  boles  are  reported 
to  produce   significantly  lower  densities  of  hibernating  larvae  than  roughened 
boles.  —  '      Unfortunately,    most  studies  based  on  data  by  control  personnel  have 
been  preoccupied  with  tree  parts   producing  the  highest  number  of  hibernating 
larvae,    rather  than  the  predictive  value  of  this   sampling. 

Pupae  and  Pupal  Cases  for  Predicting  L  arvae  in  Buds 

To  be  a  good  index  of  numbers  of  larvae  in  the  buds,    numbers  of  pupae 
at  the  time  of  sampling  nnust  be  closely  related  to  resulting  nunibers  of  female 
adults  that  will  mate  and  lay  eggs.      As  with  predictions  based  on  the   egg  stage, 
consistency  in  egg  production,    egg  mass   size,    and  percent  hatch  is   required. 
A  more  or  less  consistent  survival  of  small  larvae  until  spring-feeding  is  also 
required. 

It  is  not  practical  to  delay  sampling  of  pupae   until  all  moths  have  emerged, 
because  empty  pupal  cases   gradually  break  up  or  fall  off  the  trees.      Our  timing 
with  70-  to  90-percent  emergence  appears  to  be  a  reasonable  compromise 
involving  minimum  loss   of  pupal  cases   vacated  by  moths.      The  apparently   sound 
pupae   remaining  will  include  a  few  containing  true  pupal  parasites,    but  these 
represent  a  very  minor  error  component. 


^W.  E.  Cole.  Unpublished  report.  Forest  Sen'ice.  Boise  Research  Center.  Boise,  Idaho.  1^57. 
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Methods 

Correlations  between  density  of  pupae   (mostly  pupal   cases)   and  density  of 
larvae  in  opening  buds,    in  the  lower  crown  half,    involved  two  steps.      First, 
correlations  were  attempted  within  plots,    using  numbers  per  twenty  15-inch 
twigs  recorded  at  each  of  the  five   subplots.      Then  correlation  and  regression 
analyses  were  attempted  for  plots,    using  mean  densities   of  pupae  and  larvae 
in  buds  based  on  the  total   100  twigs.      The  latter  analyses  were  done  by  a  com- 
puter program.      The  basis  was   1  3  plot   records  from  five  standard  plots  during 
1955-58. 

Results 

Correlations  within  plots  between  pupae  and  larvae  in  buds  were  signifi- 
cant in  about  half  the  cases.      Correlation  coefficients  were  highly  significant 
(p    <0.  01)   in  two  cases,    significant  in  four  cases   (p    <0.  05),    and  nearly   signifi- 
cant in  two  others.      Because  each  analysis  was  based  on  only  five  comparisons 
(subplots),    further  analysis  appeared  promising. 

When  plot  means  were  used,    highly  significant  linear  and  curvilinear 
correlations  were    obtained  between  previous  density  of  pupae  and  density  of 
larvae  in  buds  (^=0.81,    /?  =  0.91).     Significant  curvilinear  effects  were 
quadratic.      However,    the  linear   relation  (fig.    5)  ,    as  follows,    is   surer  for 
prediction. 


y 


■62.  6+5,  608x 


With  careful  timing  and  in  the  absence  of  unfavorable  weather  during  the 
moth  flight  period,    density  of  pupae   and  pupal  cases  provides  a  relatively  quick 
means   of  predicting  density  of  subsequent    larvae   in  the  buds.    Use  of  this   method, 
however,    would  represent  more  of  a  gamble  than  sampling  the   egg   stage. 


100  200  300 

NUMBER  OF  PUPAE  PER  100  15-INCH  TWIGS 


Figure  5.— Linear  regression   of  larval  density   on  previous  pupal  density. 
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CORRELATION  BETWEEN  LARVAL  DENSITY  AND  CURRENT  DAMAGE 

For  a  particular  tree   species  in  a  specific   size  class,    reasonably  accurate 
estimates  of  density  of  bud-feeding  larvae   should  provide  a  good  basis   for  pre- 
dicting damage  that  year.      Two  factors,    however,    make  damage  prediction  diffi- 
cult.     One  is  variation  in  larval  survival  during  the  feeding  period,    among  differ- 
ent areas  and  among  years  in  the  same  area.      The   second  is  quantity  and  quality 
of  available  food,    which  may  vary  with  time  and  rate  of  bud-flushing,    normal 
complement  of  vegetative  buds,    size  and  number  of  needles  per  shoot,    and    inci- 
dence of  flowering.      Obviously,    the  effects  of  various   factors  need  to  be  com- 
pensating if  a  predictive  scheme  is  to  be  possible. 

Damage  caused  by  spruce  budworm  is  usually  expressed  in  terms  of 
percent  defoliation  of  current  needle  growth.     However,    as  budworm  density 
increases,    bud-killing  becomes  an  important  symptom  of  damage.      If  incidence 
of  bud-killing  were  a  direct  reflection  of  degree  of  defoliation,    usefulness  of 
defoliation  for  damage  predictions  would  be  enhanced.      Then,    estimates  of 
current  defoliation  in  consecutive  years  would  provide  a  means  of  anticipating 
serious  damage  (i.  e.  ,    top-killing)  before  it  occurred  and  timely  control  action 
could  be  scheduled. 

Specific  objectives  of  our  studies  were  to  correlate  defoliation  and  larval 
density  on  individual  trees  within  plots,    in  order  to  determine  the   relative  use- 
fulness of  defoliation  estimates  obtained  by  fieldglasses  and  shoot  tallies  and 
express  a  relationship  between  defoliation  and  larval  density  for  all  plots. 


Methods 

Fieldglass  estimates  of  current  defoliation  on  individual  trees  were 
obtained  from  five  different  plots  during  1956-59;  these  constituted  eight  plot 
records.      Estimates  were  based  on  10,    15,    or  Z5  trees.      In  obtaining  estimates 
for  individual  trees,    two  observers  visually  divided  the  tree  crown  into  thirds 
and  made   separate  estimates  for  each  third.      Categories  of  percent  defoliation 
recognized  were  as  follows:     0-10,    11-25,    26-50,    51-75,    76-90,    and  91-100. 
Midpoints  of  categories  were  used  in  averaging  the  estimates.      A   single  esti- 
mate for  the  tree  was  obtained  by  weighting  estimates  for  crown  thirds  as 
follows:      lower--5,    middle--3,    and  upper--l.      The  basis  for  weighting  was 
developed  earlier  in  this  paper. 

Shoot  tallies  were  used  to  estimate  defoliation  of  current  growth  in  three 
plots  where  the  estimate  was  expected  to  exceed  25  percent.      Five  plot  records 
were  obtained,    three  from  one  plot  during  1955-57,    and  one  each  from  two  plots 
for  a  single  year.      Only  the  middle  crown  third  was   sampled.      At  the   3-year 
plot,    four  20-inch  twigs  were   removed  from  each  of  1  5  trees,    five  at  each  of 
three  subplots.     At  the  other  plots,    five  to  ten  20-inch  twigs  were  taken  from 
each  of  1  0  trees.     Shoots  were  examined  in  the  laboratory.      Defoliation  on  each 
shoot,    estimated  to  the  nearest  10  percent,    and  number  of  killed  buds  were 
recorded  for  each  tree  sample.      Numbers  of  shoots    were  weighted  by  their 
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defoliation  category,    (0,    10,    20,    30,  .  .  .percent)  and  an  average  defoliation  was 
determined  for  the  sample.      Number  of  killed  buds  was  used  in  two  ways: 
100-percent  defoliation,    along  with  shoots   completely  defoliated,    and  a  separate 
indicator  of  damage.     Some  estimation  rriethods   (Terrell  1961,    McKnight   1969b) 
do  not  take  bud-killing  into  account. 

Estimates  of   defoliation  obtained  by  use  of  fieldglasses  and    by  shoot 
tallies  were    tested  for  correlation  with  estimates  of  larval  densities  on  individ- 
ual trees  within  plots.        Larval  density,    the  independent    variable,    was  expressed 
as  number  of  larvae  per  four  1  5-inch  twigs,    although  actual   samples  were  two, 
four,    or  six   twigs  per  tree.      In  three  cases  where  total  number  of  buds  was 
counted  on  sample  twigs,    larvae  per  1,000  buds  was  also  used  as  an  independent 
variable  in  correlation  analysis. 

Mean  estimates  of  defoliation  on  plots  were  tested  for  correlation  with 
mean  larval  density,    and  regression  equations  were  obtained  using  a  computer 
program.      The  basis  was   \Z  plot  records.      For  low  populations,    average  defo- 
liation was  based  on  fieldglass  estimates  for  individual  trees.      Also  included 
for  analysis  were  two  records  in  which  a  general  estimate  was  made  for  light 
but  generally  visible  defoliation.      For  high  populations,    average  defoliation 
was  based  on  shoot  tallies.      One   record  for  a  i-nedium  population  was  based  on 
fieldglass  estimates  corrected  upward  by  one  defoliation  category,    based  on 
shoot  examinations.      Two  correlation  and  regression  analyses  were   run,    with 
different  independent  variables.      In  one  case,    the  independent  variable  was 
number  of  larvae  per  100   1  5-inch  twigs.      In  the   other,    it  was  number  of  larvae 
per  1  ,  000  buds.      In  most  cases,    an  average  number  of  buds  per  1  5-inch  twig 
for  a  specific   study  plot  was  used  to  convert  from  larvae  per  1  00   1  5-inch  twigs 
to  larvae  per  1  ,  000  buds.      In  a  few  cases,    buds  had  been  counted  at  the  time 
they  were  examined  for  larvae,    and  larval  density  was  based  on  these  counts. 
Average  number  of  buds  or  shoots  per  100  twigs  varied  indirectly  with  stand 
density,    as   shown  below: 


Stand 


Plot 


Buds  per   100  twigs 


Closed 
Closed 
Open 
Open 


Results 


Baker 
Dixie 
Jose  ph 
Dale 


2,  100 

2,  400 

3,  300 

4,  070 


Reliability   of  defoliation  estimates  on  individual   trees. --Percent  defo- 
liation on  individual  trees  as  estimated  by  use  of  fieldglasses  was  correlated 
(p   =  0.05  or  p  -  0.01)  with    number  of  larvae  per  four  1  5-inch  twigs  in  half  the 
cases.      Correlations    were  obtained  in  two  or  four  cases  where  the  larval  den- 
sity was   relatively  low,    and  in  two  of  four  cases  where  it  was  high.      Defoliation 
was  usually  underestimated  in  plots  having  heavy  damage;  loss  of  shoots  from 
bud-killing  was  very  difficult  to  estimate  from  the  ground.      In  a  given  year, 
persistence  of  dead  needles  on  new  shoots  made  it  difficult  to  estimate  either 
defoliation  or  shoot  reduction.  ' 
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Use  of  a  different  independent    variable- -number  of  larvae  per    1  ,  000 
buds- -  re  suited    in    a  similar  incidence  of  correlations.      In  one  case,    compari- 
son with  results  of  analysis  using  larvae  per    twig  showed  a  highly  significant 
correlation  remained  unchanged;   in  a  second  case,    a  nonsignificant  correlation 
became  significant;  in  a   third  case,    a  significant  correlation  became  nonsignifi- 
cant. 

Percent  defoliation  estimated  by  use  of  shoot    tallies  on  individual    trees 
was  uncorrelated  with  number  of  larvae  per  four  twigs   in  all  five   cases.      Per- 
cent defoliation  and  percent  bud-killing  on  individual  trees  were  also  uncorrelated. 
Nevertheless,    the   estimates  based  on  shoot  tallies   undoubtedly  gave  a  n^iore 
accurate  picture  of  damage  at  these  high- population  plots  than  did  fieldglass 
estimates.      Lack  of  significant  correlation  probably  indicated  the  need  for  a 
larger  and  better  distributed  shoot  sample. 

These    findings    indicate    that  properly  timed  fieldglass  estimates  will  be 
satisfactory    for  showing  differences  in  damage  between  trees,    but  that   shoot 
tallies   are  necessary  to    obtain    a  realistic  picture  of  damage  in  plots  with  high 
populations.       The    most    efficient  method  would  probably    be  one  which  used 
occasional  shoot  tallies  while  fieldglass  estimates  were  being  obtained. 

Relationship  between   larval  density  and  defoliation  among  plots. ~- 
Correlations  between  percent  defoliation  and   two  expressions  of  larval  density 
were  highly  significant.        With  density  expressed  as  larvae  per  100  twigs,    the 
basic   regression  was  linear  (^  -  0.  88),    but  quadratic  effects  were  also  highly 
significant  {R-   0.  96).      The  curvilinear  form, 


y 


■9.63+0.1108X-0.  00003  2  5^2 


is   satisfactory  for  low  and  medium  populations,    but  it  underestimates  damage 
by  high  populations.      A  decline  in  the  curve  at   i/  =   85   reflects  the  lessened 
defoliation  recorded  for  2  years  in  a  plot  of  open-grown  trees;  a  high  comple- 
ment of  shoots   reduced  the  impact  of  feeding.      Nonetheless,    the  curvilinear 
relationship  appears  more   realistic  than  the  linear  expression, 

y  =   12.  84  +  0.  03814X 

which  appears  to  compromise  the  data  (fig.    6).      The  linear  form  overestimates 
defoliation  for  low  populations   and  underestimates   it  for  higher  populations. 


With  density    expressed  as   larvae  per   1  ,  000  buds,    a  high  linear  correlation 
{r  =    0.95)    with  defoliation    was    obtained.      Curvilinear  effects    were    nonsignifi- 
cant.      The  linear  form,    ^   =   2.  44  +   0.167a:,    describes  the   relationship  (fig.    7). 
Expressing  larval    density  on  the  basis   of  a  unit    number  of  buds,     rather  than 
15-inch  twigs,    reduces  variation  and  probably  results  in  better  predictions. 
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Figure  6- Linear  and  curvilinear  regressions  of  defoliation  of  current  growth  on  larval 
density  from  twig  samples. 
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Figure  7.— Linear  regression  of  defoliation  of  current  growth  on  larval  density  in  huds. 


CORRELATION  BETWEEN  EGG  MASS  DENSITY  AND  CURRENT  DAMAGE 

The   relationship  between  density    of    egg  masses   and  defoliation  of  current 
growth  was  tested  as  a  final   step  in  developing  predictive  standards.      The  esti- 
mated defoliation  values  for  given  egg  mass  densities  were  compared  with  those 
resulting  from  the  two-step  process,    in  which  egg  mass  density  was  correlated 
with  density  of  larvae  in  the  buds,    and  the   latter  correlated  with  defoliation. 
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Methods 

The  degree  of  association  between  egg  mass   density  per  1  ,  000   square 
inches  and  percent  defoliation  was  tested  by  statistical  correlation  and  regres- 
sion analysis.      The  basis  was   10  plot  records,    which  is  fewer  than  used  in  each 
step  of  the  two-step  process,    because  most  plot  sampling  was  initiated  in  the 
spring,    at  the  time  larvae  were  in  buds,    and  because  the  aerial  spraying  in 
1958  eliminated  three  major  plots  where  estimates  of  defoliation  were  scheduled. 

In  setting  up  comparable  standards  based  on  the  two-step  process,    regres- 
sion values  of  larval  density  were  obtained  for  specific  degrees  of  defoliation, 
then  egg  mass  density  was  calculated  for  these  values  of  larval  density.      Two 
sets  of  standards  were  obtained,    one  expressing  larval  density  on  the  basis  of 
100   1  5-inch  twigs  and  the  other  on  the  basis  of  number  of  larvae  per   1  ,  000  buds. 

Results 

A  highly  significant  linear  correlation  (r  =  0.  92)  was  obtained  between 
density  of  egg  masses  per  1,000   square  inches  and  percent  defoliation.      The 
relationship  is  described  by  the  linear  form  p  =   9.  OZ  +  4.  588x  (fig.    8).       Curvi- 
linear effects  were  nonsignificant. 
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Figure  8.— Linear  regression  of  defoliation  of  current  growth  on  density  of  egg  masses. 


Predictions  based  on  the  egg  mass  density-defoliation  relationship 
according  to  categories  for  each  variable  are  shown  in  figure  9.      The  two-step 
method,    with  larval  density  based  on  larvae  per  1,000  buds,    yields   similar 
predictions.     Although  the  two-step  method  based  on  larvae  per  100  twigs  pro- 
vides essentially  similar  predictions  for  low  and  medium  budworm  densities, 
it  is  weak  on  predictions  at  higher  densities  (fig.    9). 
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DIRECT  PREDICTION  OF  DEFOLIATION  FROM  EGG  P/IASS  DENSITY 

Egg  masses 
Per  1 ,000  square  inches 


0  -  1.3 
1.4-  3.5 
3.6-  8.9 
9.0-17.7 
17.7  and  higher 


Defoliation 

Category 

Percent 

Very  light 

0-   15 

Light 

16-  25 

IVIoderate 

26-  50 

Heavy 

51-  90 

Very  heavy 

91-100 

B.       PREDICTION  THROUGH   LARVAL  DENSITY  BASED  ON   NUMBER  OF  BUDS 


Egg  masses 

Larvae 

Defoliation 

Per  1 ,000  square  inches 

Per  1,000  buds 

CategorY 

Percent 

0     -    1.9 

0-     75 

Very  light 

0-   15 

2.0-  4.2 

76-  135 

Light 

16-  25 

4.3-10.0 

136-  285 

Moderate 

26-  50 

10.1-19.2 

286-  524 

Heavy 

51-  90 

19.3   and  higher 

525     and  h 

gher 

Very  heavy 

91-100 

PREDICTION  THROUGH   LARVAL  DENSITY  BASED  ON   15-INCH  TWIGS 


Egg  masses 

Larvae 

Defoliation 

Per  1 ,000  square  inches 

Per  100  twigs 

Category 

Percent 

0    -  2.7 

0-  239 

Very  light 

0-  15 

2,8-  3.9 

240-  348 

Light 

16-  25 

4.0-   7,7 

349-  669 

Moderate 

26-  50 

7.8    and  higher 

670    and  higher 

Heavy 

51-100 

Figure  9.— Ranges  of  egg  mass  density  and  larval  density  related  to 
standard  categories  of  defoliation  on  Douglas-fir,  eastern  Oregon. 

DISCUSSION 

These    results  provide    guidance  on  survey  methods  to  predict  western 
budworm   trends  and  damage  over    broad  areas.      The  basis  is  empirical, 
although  life  table    aspects  were  necessarily  considered  in  the  timing  of  sam- 
pling.      Survey    efficiency  is   stressed,     but  efficiency  can  no  doubt  be  further 
increased.      One  obvious  approach  is  by  development  of  sequential  sampling 
plans  (Morris   1954,    Waters   1955).     Such  plans  have  been  developed  for  egg 
mass  surveys  in  the  central  and  southern  Rocky  Mountains  by  McKnight  et    al. 
(1970)  and  for  larval    surveys    to    evaluate  control  (Cole   I960). 

The  egg  stage  and  larvae  in  the    buds  are  particularly  suitable  for  sainpling, 
as  others  have  shown  for  the  eastern  budworm.      Either  stage  is  useful  in  biologi- 
cal evaluation  if   trend  information  is   sought  and  a  control  decision  not  required 
immediately.     A   shortcut  method  of  predicting  trends  by  using  old  egg  masses 
to  represent  the  previous  year's  new  egg  masses  has  been  described  by  Buffam 
and  Carolin  (1966);  it  is  not  effective  in  some  forest  regions.—       If  a  control 
decision  is  in  the  offing,    the  egg  stage  is  used  for  predictive  purposes  as  an 


''Personal  communication  from  W.  H.  Klein,  Forest  Entomologist,  Intcrmountain  Region,  U.S.  Forest 
Service. 
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index  of  defoliation;  it  may  also  be  used  to  predict  density  of  larvae  in  buds. 
Two  other  life  stages  - -pupae  of  the  previous   generation  and  overwintering 
larvae  of  the  new  generation- -  offer  some  proinise  in  predicting  density  of 
larvae  in  buds,    and  thence  defoliation. 

Multistage  analysis  indicates  that  a  cluster  design  is  the  best  approach  in 
sampling  egg  and  larval  populations.      This  agrees  with  Morris's   (1955)   recom- 
mendation for  sampling  the  eastern  budworm.      In  1959,    prior  to  a  sophisticated 
review  of  our  data,    we   recommended  five-tree  clusters  for  egg  surveys.     Sub- 
sequent surveys,    mostly  in  declining  infestations,    yielded  reliable  predictions; 
however,    the  same  amount  of  effort  in  rising  infestations  probably  would  have 
been  inadequate. 

At  the   stated  precision  (SE  =   ZO  percent  at  p  =  0 .  05),    egg-sampling  costs 
are  high.      At  all  egg  densities,    examination  of  branches  is  an  important  cost 
factor.      At  low  egg  densities,    sampling  is  particularly  costly  because  of  the 
number  and  size  of  clusters   required  for  the  prescribed  precision.      It  is  not 
surprising  that  Phillips  and  Proctor  (1970),    in  conducting  sampling  studies  on 
the  oriental  fruit  moth,    decided  that  sampling  eggs  was  not  practicable  at  low 
densities.      However,    in  the  case  of  the  budworm,    a  substantial  egg-sampling 
effort  would  be  justified  if  a  sudden  rise  from  a  very  low  population  level  was 
indicated  by  surveys  based  on  beating  trees.     Some  sacrifice  in  precision  could 
be  accepted  so  long  as   representation  of  different  stands  was  maintained.      In 
developing  sampling  methods  for  the  Douglas-fir  tussock  moth,    Mason  (1970) 
recognized  that  a  relatively  low  level  of  precision  would  have  to  be  accepted  in 
most  egg  sampling  work.      Morris  (I960)   suggests  that  the  advantages  of  accepting 
higher  sampling  errors  and  expanding  the  coverage  of  population  densities   and 
environmental  conditions  have  not  been  fully  explored. 

Costs  of  sampling  larvae  in  buds,    except  for  medium  populations,    are 
less  than  costs  of  egg- sampling.      However,    surveys  for  predictive  purposes 
are  nullified  by  the  need  to  complete  planning  for  control  before  spring.     Sam- 
pling this   stage  for  trend  purposes  is  limited  by  the  relatively  short  time  avail- 
able,   as  compared  with  egg  surveys.     However,    use  has  been  made  for   special 
purposes,    such  as  trends  in  sprayed  areas  (Carolin  and  Coulter  1971)  and 
cooperative  ground  surveys  outside  the  general  zone  of  infestation.     Sampling 
larvae  in  buds,    with  its   lower  costs,    would  have  particular  application  in  wilder- 
ness or  other  reserved  areas.      In  such  areas,    control  decisions  are  not  at 
stake,    and  the  usual  winter  deadline  on  control  planning  would  not  apply.      Evalua- 
tion of  trends  would  nevertheless  be  needed,    as  these   could  affect  subsequent 
control  needs   on  adjacent  lands. 


In  the  previous  budworm  outbreak  in  the  Pacific  Northwest,    insurance 
against  unnecessary  spraying  was  sought  by  qualitative  assessment  of  limb  and 
bole  samples  for  hibernating  larvae.      These  efforts   required  considerable  labor, 
and   results  were  often  questionable.      Aside  from  the  problems  in   sampling 
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design,    handling  and  methods  of  rearing  the  samples  were   recognized  as  a 
possible  source  of  error  (Wright  et  al.    1952).      Now,    new  techniques  for  sam- 
pling overwintering  larvae  of  the  eastern  budworm,    based  on  washing  larvae 
from  their  hibernacula,    have  been  described  by  Miller  and  McDougall  (I  968) 
and  Miller  et  al.    (1971),      These   should  be  tested  on  the  western  budworm. 

The  predictive   relationships  based  on  an  initial  estimate  of  egg  mass 
density  are  specifically  for  Douglas-fir  in  the  Blue  Mountains.      Relationships 
between  density  of  egg  masses  and  density  of  larvae  in  the  buds  imply  a  particu- 
lar average  number  of  eggs  per  mass,    percent  of  eggs  hatching,    and  survival 
from  eclosion  until  attack  of  buds  the  following  spring.      Differences  among 
western  regions   should  result  in  different  predictive   relationships,    and  egg 
mass   size  is  known  to  vary  among  western  regions   (Carolin  and  Honing  1972). 
Eastern  Oregon  egg  masses  are  large,    averaging  40-42  eggs  for  all  infestations, 
and  Silver  (I960)   recorded  an  average  of  44.  8  for  an  infestation  in  southern 
British  Columbia,      McKnight  et  al.    (1970)  developed  predictive  standards  for 
central  and  southern  Rocky  Mountains,    utilizing   sequential  sampling  to  define 
four  infestation  classes.     Average  egg  mass   size  was  not  defined  but  presumably 
was  consistent  among  areas. 

Percent  defoliation  of  current  growth  is  a  convenient  means  of  expressing 
annual  damage,    but  incidence  of  bud-killing  is  undoubtedly  a  more  important 
damage  factor.      Top-killing  and  branch-killing,    used  as  indicators  of  cumulative 
damage  by  Williams   (1967),    are  believed  to  be  a  direct  result  of  continued  bud- 
killing.      The  sequence  of  damage  effects  leading  to  serious  growth  impact  of 
host  trees  needs  to  be  documented  as  a  basis  for  survey  evaluations. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


i 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Data    from    extensive    timber    inventories    of    1  2    counties 
in   western   and    central    Washington   were    analyzed    to    test    the 
relative     efficiency    of    double     sampling     for    stratification    as    a 
means  of  estimating  total  volume.       Photo    and    field    plots,    when 
combined    in    a    stratified    sampling    design,      proved    about    twice 
as  efficient  as  simple  field  sampling.     Although  some  gains  were 
made  by  stratifying  into  only  two  clas  ses- -forest  and  nonforest-- 
substantially    greater    gains    accrued   when  the  forest  plots  were 
further  stratified  into  timber  volume  classes.      Optimum  alloca- 
tion   of   field    plots    was   only  slightly  more  efficient  than  propor- 
tional allocation. 

Keywords:      Double  sampling,    photo  sampling,    timber 
volume  estimates. 


INTRODUCTION 


An  estimate  of  total  timber  volume  is  a  major  objective  of  almost  every 
forest  inventory.      Some  inventory  organizations  use   simple  random  or  system- 
atic field  sampling  to  obtain  this  estimate.      Others  prefer  a  stratified  sampling 
design  that  utilizes  aerial  photographs  to  divide  the  inventory  unit  into  several 
volume  classes  or  strata  from  which  field  plots  are  drawn.      If  the  stratification 
is   successful,    i.  e.  ,    if  the  field  plots  have  really  been  sorted  into  meaningfully 
different  groups,    then  a  more  precise  estimate  of  total  volume   should  be  obtained 
for  the  same  cost. 

Although  stratification  may  be  by  either  type  map  or  photo  sampling,    type 
mapping  is  not  usually  undertaken  unless  the  type  map  itself  is  an  inventory 
objective,    since  photo  plots,    when  combined  with  field  plots  in  a  stratified  sam- 
pling design,    do  a  better  job  of  stratification  at  less   cost. 

Although  double  sampling  for  stratification  offers  the  potential  for  esti- 
mating timber  volumes  more  efficiently  than  a  simple  field  plot  sample,    there 
is  no  guarantee  of  success.      The  inventory  forester  who  wonders  how  well  the 
method  might  work  for  him  must  be  guided  primarily  by  the  experience  of  others 
who  have  used  it.      In  particular,    he  will  need  to  know  whether  double  sampling 
will  result  in  lower  sampling  errors  than  might  be  obtained  by  simple  field  sur- 
veys of  equal  cost,    and  if  so,   how  much  of  a  reduction  in  sampling  error  he  can 
expect.      If  he  decides  to  adopt  the  method,    he  will  need  to  decide  how  many 
strata  to  identify  and  what  boundaries  to  give  them.      In  addition,   he  will  need 
to  decide  how  to  allocate  the  field  samples  among  these   strata.      The  theoretical 
basis  for  answering  these  questions  can  be  found  in  Cochran  (5).      Unfortunately, 
localized  reports  on  the   results  of  practical  experience  are  harder  to  find. 
Although  a  number  of  inventory  organizations  in  the  United  States  and  at  least 
one  in  Canada  use  double   sampling  for  stratification,    only  a  few  have  published 
results  and  these  are  inconsistent  (1,    2,    4,    7). 

Additional  reports  on  field  experience  with  forest  inventory  applications 
of  double  sampling  for  stratification  are  needed,    particularly  for  the  Pacific 
Northwest  where  no  such  published  data  are  available.      To  help  fill  this  need, 
I  have  undertaken  to  compare  simple  field  sampling  with  three  types  of  double 
sampling  as  a  means  of  estimating  total  volume.      The  basis  for  this  comparison 
is  data  from  recent  double  sampling  inventoVies  conducted  by  the  Pacific  Coast 
Forest  Survey  Unit  of  the  U.  S.    Forest  Service  as  a  part  of  its   regular  inventory 


program.       The  comparison  is,     however,    limited  to    a  consideration  of  the   strata 
recognized  in  the  inventories  from  which  the  data  came.      Questions  about  the 
optimum  number  and  size  of  strata  are  unexplored  as  are  questions  about  the 
efficiency  of  the  designs  tested  in  estimating  volume  for  populations  differing 
substantially  from  those  sampled.      I  have,    then,    considered  the  following 
questions: 

1.  Is  double  sampling  for  stratification  a  more  efficient  means  of  esti- 
mating total  volume  than  simple  field  sampling  when  applied  to  extensive  forest 
inventories  in  the  Pacific  Northwest?      If  so,    how  much  more? 

2.  Is   stratification  more  effective  when  forest  land  is  broken  down  into 
several  volume  classes  than  when  stratification  is  confined  to  two  classes-- 
forest  and  nonforest?      If  so,    how  much  more? 

3.  How  much  more  efficiently  can  total  volume  be  estimated  if  optimum 
allocation  instead  of  proportional  allocatioruL'    is  used  to  distribute  the  field  plots 
among  the  various  photo  strata? 


THE  DESIGN:    DOUBLE  SAMPLING  FOR  STRATIFICATION 

The  design  has  been  well  described  by  many,    including  Cochran  (5)  and 
Bickford  (2,    4).      Briefly,    the  sampling  design,    as  applied  to  a  forest  inventory 
situation,    consists  of  a  relatively  large  number  of  photo  plots  distributed  system- 
atically over  the  inventory  area.     A  photo  interpreter  classifies  these  photo  plots 
and  sorts  them  into  volume   strata.      Then  a  subsample  is  drawn  from  each  stratum 
for  field  examination.      The  gross  area  of  the  inventory  unit  is  assumed  to  be 
known  without  error.      To  estimate  the  area  in  a  stratum,    the  proportion  of  photo 
plots  falling  in  that   stratum- -the  stratum  weight- -is  multiplied  by  the  gross 
area  in  the  unit.      The  stratum  area  is  then  multiplied  by  the  mean  field  volume 
of  the  field  plot  subsample  to  provide  an  estimate  of  total  volume  in  that  stratum. 
The  total  volume  estimate  for  the  inventory  unit  is  the  sum  of  the  stratum 
estimates. 

Double   sampling  for  stratification  is  by  no  means  a  new  idea  in  forest 
inventory.      The  U.S.    Forest  Service's  Northeastern  Forest  Survey  Unit,    for 
example,    has  used  the  design  for  25  years  and  the  Pacific  Coast  Survey  Unit 
has  used  it  for  about  10  years.      A  number  of  other  inventory  organizations  also 
have  long  experiences  with  double  sampling  for  stratification.      All  adopted  the 
design  with  the  expectation  that  it  was  more  efficient:     i.  e.  ,    that  either  sampling 
errors  could  be   reduced  at  no  extra  cost  or  costs  could  be   reduced  without  an 
increase  in  sampling  error. 
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—    In  optimum  allocation,   field  plots  are  distributed  in  proportzon  to 

stratum  oj'ea  times  the  estimated  standard  deviation  divided  by  the  square  root 

of  estimated  cost.      In  proportional  allocation,    they  are  distributed  in  proportion 

to  stratum  area. 


Have  the  results  justified  this  hope?      Bickford  (3,    4)    concluded  that  they 
did  after  studying  the  results  of  an  inventory  of  eastern  Maryland,      In  this  study, 
double   sampling  for  stratification  proved  considerably  more  efficient  than  a 
simple  field  plot  survey.    Nyyssonen  et  al.   (7),    on  the  other  hand,    found  little  to 
be  gained  by  stratifying  commercial  forest  field  plots  in  volume  classes.      The 
simple  field  plot  survey  appeared  almost  as  efficient  a  means  of  estimating 
total  volume  in  the  homogeneous  Finnish  forests  tested.      Aldrich  and  Norick  (1), 
reporting  on  a  test  of  poststratification  in  the  southeastern  United  States,    con- 
cluded that  separation  of  forest  from  nonforest  land  was  worthwhile  but  that 
further  poststratification  produced  only  marginal  gains   in  efficiency. 


THE  SURVEY  DESIGNS  TESTED 

For  this   report,    I  tested  four  different  sampling  designs  to  see  which  was 
most  efficient  in  providing  estimates  of  total  volume  on  a  typical  Pacific  North- 
■west  Forest  Survey  Inventory  Unit.      In  other  words,    I  sought  to  determine  which 
design  would  provide  the  most  precise  answer  if  cost  were  held  constant.     Specifi- 
cally,   three  types  of  double  sampling    designs  were  compared  with  simple  field 
plot  surveys  of  equal  cost,_'      The  designs  tested  were  (1)  two  photo  strata 
(commercial  forest  land  and  other)    with  field  plots  distributed  in  proportion  to 
stratum  area- -a  simple,    inexpensive  type  of  photo  interpretation  that  has  proven 
successful  in  the  southeast;   (2)  nine  photo  strata  (three  land  use  classes  with 
commercial  forest  land  divided  into  seven  photo  volume  classes   (defined  later) 
with  field  plots  proportionally  distributed;  and  (3)  nine  photo  strata  as  above  but 
with  optimum  allocation  of  field  plots. 


THE  BASIC  DATA 

The  most  recent  inventory  data  available  were  for  all  lands  outside  the 
National  Forests  in  seven  counties  in  northwestern  Washington  and  five  counties 
in  central    Washington.      The  12  counties  were  inventoried  in  1966  and  1967  with 
the  standard  Forest  Survey  double  sampling  design  in  use  in  the  Pacific  North- 
west.    As  these  were  production  surveys  and  not  special  studies,    the  quality  of 
photo  interpretation  was  representative  of  a  production  situation.      Conditions 
varied  from  young-growth  red  alder  and  Douglas-fir  to  high  elevation  old  growth 
to  east-side  pine  and  mixed  conifer--a  good  cross  section  of  the  forest  conditions 
found  in  the  region. 

Aerial  photo  coverage  for  the  area  was  a  patchwork  of  numerous  photo 
projects.      Photo  scale  varied  from  1:12,000  to  1:20,000.      Most  photography  was 
fairly  recent- -within  the  last  3  or  4  years- -but  at  least  one  project  was  about 
15  years  old.     Although  part  of  one  county  was  interpreted  by  an  experienced 
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—    In  all  fouj'  designs,   both  photo  and  field  plots  were  distributed  on  a 

systematic  grid  but  treated  as  random  samples. 


supervisor,    most  of  northwestern  Washington  was  interpreted  by  two  graduate 
foresters  without  prior  practical  photo  interpretation  experience  but  with  sub- 
stantial inventory  field  experience  including  much  practical  experience  in  the 
field  use  of  aerial  photos.      Both  men  attended  an  initial  training  session  and 
subsequently  received  on-the-job  training  and  supervision  froni  time  to  time. 
One  of  the  men  went  on  to  do  all  of  the  interpretation  in  central  Washington, 
using  the  experience  gained  earlier. 

A  total  of  18,  548  1-acre  photo  plots  were  examined  in  the  entire  area; 
350  in  the   smallest  county  and  4,114  in  the  largest.      A  member  of  the  photo 
interpreter  team  located  each  photo  plot  by  means  of  a  transparent  plot  grid 
overlay  oriented  on  the  fiducial  marks  of  the  aerial  photograph,    then  ascertained 
its  land  use  class.      If  the  plot  was  commercial  forest,    he  estimated  volume  per 
acre,    usually  by  predicting  the  stand  height  and  crown  closure,    then  looking  up 
the  volume  in  an  aerial  photo  volume  table.      The  interpreters  were  encouraged 
to  check  their  height  estimates  periodically  by  means  of  parallax  measurements. 

These  land  use  class  and  volume  estimates   enabled  the  interpreter  to 
place  the  plot  in  a  photo  volume  class.     Those  identified  were  as  follows: 

1  .      nonforest 

2.  noncommercial  forest 

3.  coinmercial  forest  (in  cubic-foot-per-acre  classes) 

(a)  0-1,  000 

(b)  1,  001    -    Z,  000 

(c)  2,  001    -   4,000 

(d)  4,  001   -   7,  000 

(e)  7,  001    -    10,  000 

(f)  10,  001   -   1  5,  000 

(g)  15,001  + 

This  is  the   standard  photo  stratification  scheme  used  by  Forest  Survey  on 
the  Pacific  coast.     It  was  adopted  several  years  ago  after  a  trial  and  error  com- 
parison of  several  combinations  of  strata  and  was  in  use  at  the  time  of  the  inven- 
tories analyzed  below.      Photo  interpretation  data  for  stratification  schemes 
other  than  the  one  shown  above  were  not  available  for  this  test,    but  this  lack 
appeared  to  be  not  serious.      Our  earlier  trial  and  error  comparisons,    as  well 
as  a  recent  informal  test,    indicated  that,   within  reasonable  limits,    changes  in 
the  stratum  boundaries  had  only  minor  effect  on  the  precision  of  total  volume 
estimates. 

In  most  counties,    about  one- sixteenth  of  the  pho^o  plots  were  visited  in 
the  field,    and  an  estimate  of  total  volume  per  acre  was  obtained  from  plots  of 
standard  Forest  Survey  design  (a  cluster  of  1  0  variable- radius  points   sampling 
approximately  an  acre).        A  few  counties  were  sampled  at  a  double  intensity  of 
about  1    in  8. 

Each  field  plot  which  proved  on  field  examination  to  be  commercial  forest 
cost  an  average  of  $1  1  4  in  northwest  Washington  and  $90  in  central  Washington. 


The  cost  of  noncommercial  and  nonforest  field  plots  was  assunied  to  be  zero, 
since  these  were  mostly  visited  enroute  to  or  from  commercial  forest  plots. 
Each  photo  plot  cost  an  average  of  $0.  45  in  northwest  Washington  and  $0.  Z5  in 
central  Washington.     If  photo  interpretation  had  been  limited  to  identification 
of  land  use  class   (commercial  forest  land,    noncommercial  forest  land,    and 
nonforest  land),    I  estimated  that  the  cost  per  photo  plot  would  have  been  $0.  30 
in  the  former  area  and  $0.  1  5  in  the  latter.     Aerial  photos   used  for  interpretation 
were  all  borrowed  without  cost,    but  considerable  travel  cost  was  incurred  by 
the  photo  interpreters  both  in  connection  with  area  familiarization  trips  and  in 
visiting  various  offices  where  the  borrowed  photos  were  stored.      The  above 
photo  interpretation  costs   reflect  these  travel  costs  as  well  as  the  costs  of 
interpreters'   salaries  and  supervision. 


THE  METHOD 

Using  the  basic  data  from  the  actual  inventories,    I  constructed  a  family 
of  inventories  for  each  of  the  1  2  test  counties.     Each  of  the  three  double  sampling 
schemes- -the  two- stratum  design  with  proportional  allocation  of  field  plots,    and 
the  nine- stratum  design  with  proportional  and  with  optimum  allocation- -was 
paired  with  a  simple  field  plot  sample  of  equal  cost.      The   sampling  error  for 
each   was  calculated,    using  formula  1  Z.  1  Z  from  Cochran  (5)      for  the  estimated 

variance  of  the  stratified  sample,    with  the  terms  — —  and   a'  assumed  to  be   1. 

n'-l 

The  inventories  were  realistic  in  that  the  estimates  of  stratum  size  and 
variance  and  the  plot  cost  data  came  from  the  actual  surveys.      They  were 
hypothetical  in  that  the  total  number  of  field  plots  and  their  allocation  among 
strata  were  manipulated  to  achieve  the  desired  allocation  and  to  equalize  cost 
between  paired  double   sainpling  and  simple  field  plot  designs. 

The  total  number  of  photo  plots  used  for  each  of  the  double  sampling 
surveys  was  the  number  actually  taken  in  the  original  inventory.      The  number 
of  plots  assumed  to  have  been  field  checked  depended  upon  the  method  used  to 
allocate  these  plots  among  strata.      Where  field  checked  plots  were  chosen  in 
proportion  to  stratum  area,    they  were  assumed  to  equal  one- sixteenth  the  number 
of  photo  plots;  where  they  were  allocated  optimally,    they  were  assumed  to  equal 
one- twenty- fourth  that  number. 

Forest  Survey  experience  has   shown  this  to  be  a  reasonably  efficient 
division  of  effort  between  photo  interpretation  and  fieldwork.      Although  I  was 
aware  that  the  most  efficient  ratio  of  photo  plots  to  field  plots  could  be  calcu- 
lated more  precisely  by  substituting  the  actual  plot  costs  and  field  variances  in 
Cochran's  formula  1  2.  9  (5),    I  chose  not  to,    even  at  the   risk  of  some  slight  loss 
in  efficiency.      Rather,    I  relied  on  experience  gained  in  previous  inventories-- 
the  only  practical  source  of  cost  and  variance  data. 

Proportional  allocation  of  the  field  plots  among  the  volume  strata  was 
achieved  by  assuming  that  every  sixteenth  photo  plot  would  be  also  a  field  plot. 
Since  the  photo  plots  were  distributed  systematically,    this  insured  that  the 
field  plots  would  be  distributed  proportionally. 


For  optimum  allocation,    estimates  of  stratum  variances  and  photo  and 
field  plot  costs  were  needed.      Since  they  were  already  available,    I  used  the 
actual  costs  and  stratum  variances  calculated  from  our  inventory  data.^'     In 
actual  practice,    these  data  would  not  be  known;  they  would  have  to  be  estimated 
from  experience  gained  on  previous  inventories. 


RESULTS 

The   results  of  our  comparison  of  the  four  designs  can  be   seen  in  table  1. 
The  yardstick  used  to  judge  each  stratification  scheme  was  the   relative  effi- 
ciency with  which  it  provided  estimates  of  total  volume.      The   relative  efficiency 
of  any  two  designs  of  equal  cost  can  be  obtained  from  the   ratio  of  the  squared 
standard  errors  of  the  estimates  they  provide.      I  chose  the   simple  field  plot 
design  as  a  base  for  the  efficiency  ratio;  therefore,    in  my  analysis  it  always  has 
a  value  of  1.  00.      Under  this   rating  system,    a  double  sampling  design  with  a 

Table   ].--The  relative  effioienay  of  four  inventory  designs 
in  providing  estimates   of  total   timber  volwne 


Geographic 
unit 


Field  plot 
only 


Inventory  design 


Two-strata 


Nine-strata 


Proportional 
allocation 


Optimum 
allocation 


Island  County 

.00 

.58 

1.68 

1.68 

King  County 

.00 

.06 

1.86 

2.00 

Kitsap  County 

.00 

.11 

1.45 

1.46 

Pierce  County 

.00 

.07 

2.96 

3.52 

Skagit  County 

.00 

.16 

1.62 

1.91 

Snohomish  County 

.00 

.39 

2.99 

3.26 

Whatcom  County 

.00 

.25 

2.70 

3.26 

Northwest  Washington 

combined!/ 

.00 

.24 

1.92 

2.06 

Chelan  County 

.00 

.16 

2.11 

2.44 

Kittitas  County 

.00 

.36  ■ 

2.75 

2.96 

Klickitat  County 

.00 

.39 

2.03 

2.58 

Okanogan  County 

.00 

.41 

2.95 

4.06 

Yakima  County 

.00 

.57 

2.40 

2.71 

Central  Washington 

combined!/ 

.00 

.36 

2.38 

2.73 

Entire  test  area!/ 

.00 

.26 

1.96 

2.11 

—  Combined  relative  efficiencies  were  obtained  by  summing  the  squared 
standard  errors  calculated  for  the  individual  counties. 


2/ 

—  An  exception  was  made  for  counties  where  vaj'iance  was  zero  for  the  non- 
forest  stratum.      In  order  to  avoid  a  stratum  with  no  field  sample,   I  allocated 
plots   to  the  nonforest  stratum  by  means  of  an  average  variance  estimate  borrowed 
from  adjacent  counties . 


relative  efficiency  of  Z.  00,    for  example,    could  be  expected  to  be  twice  as  precise 
(i.  e.  ,    one-half  the   squared  sampling  error)  as  a  simple  field  plot  survey  of  equal 
cost.      To  put  it  another  way,    a  rating  of  2.  00  means  that  it  would  cost  twice  as 
much  to  obtain  an  estimate  of  equal  precision  from  field  plots  alone. 

In  this  analysis,    the  nine- stratum  double  sample  design  was  about  twice 
as  efficient  as  the  simple  field  plot  survey  in  providing  estimates  of  total  volume 
for  the  test  area.      County  by  county,    relative  efficiency  ranged  from  1  .  45  to 
2.  99  when  field  plots  were  proportionally  allocated.      When  plots  were  optimally 
allocated,    relative  efficiency  ranged  from  1  .  46  to  4.06;  but  for  most  counties, 
the  gain  over  proportional  allocation  was  modest.      For  the  test  area  as  a  whole, 
the  proportionally  allocated  design  was   1.96  times  as  efficient  as  the  simple 
field  plot  survey.      When  optimuni  allocation  of  field  plots  was   substituted  for 
proportional  allocation,    the  relative  efficiency  increased  to  2.11,    a  gain  of  less 
than  8  percent. 

As  noted  earlier,    Aldrich  and  Norick  {!)  found  in  the  North  Carolina 
Piedmont  that  substantial    gains  in  efficiency  resulted  from  separating  forest 
from  nonforest  land,    but  that  poststratification  of  forest  land  into  several  volume 
classes  produced  only  small  gains  in  relative  efficiency.      These  conclusions 
apparently  do  not  hold  true  for  prestratified  double  sampling  in  the  Pacific  North- 
west.    On  the  average,    only  about  25  percent  of  the  gain  realized  from  double 
sampling  could  be  attributed  to  the   separation  of  commercial  forest  land  from 
other  land  use  classes.      In  only  one  county--Island- -  were  results    similar  to 
those  reported  for  North  Carolina  and  probably  for  the  same   reasons:     very 
little  zero  volume  forest  land  and  not  much  range  in  volume  per  acre. 

In  my  analysis,    I  assumed  photo-to-field  plot  ratios   of  1  6  to  1   for  the 
proportionally  allocated  designs  and  24  to  1    for  the  design  with  optimum  alloca- 
tion.    In  order  to  learn  whether  further  gains  in  efficiency  could  be  made  by  a 
better  choice  of  plot  ratio,    I  calculated  the  most  efficient  ratio  for  each  county 
and  for  each  design  tested.^'     Then  I  calculated  the   relative  efficiency  with 
which  double  sample  surveys  of  the  test  counties  would  have  provided  volume 
estimates  if  these  most  efficient  photo-to-field  plot  ratios  had  been  used. 

Although  these  rati.os  varied  greatly  between  counties   (from  1  2  to  1   to  24 
to  1   for  proportional  allocation  and  from  14  to  1   to  32  to  1    for  optimum  alloca- 
tion),   relative  sampling  efficiency  remained  virtually  unchanged  from  that 
based  on  arbitrary  ratios   of  1  6  to  1   and  24  to  1.      The  Kittitas  County  inventory 
benefited  most  from  optimizing  the  photo-to-field  plot  ratios,    but  even  here 
relative  efficiency  increased  only  by  negligible  amounts-- from  2.  75  to  2.  79  for 
proportional  allocation  and  from  2.  96  to    3.  04  for  optimum  allocation.     As  a 
result  of  further    testing,     I  concluded  that  any  ratio  between  1  0  to  1    and  30  to  1 
would  have  produced  estimates  of  total  volume  almost  as  efficiently  as  the 
theoretically  most  efficient  ratio. 


—    The  most  efficient  ratio  was  oalculated  from  Cochran   (5)^   formula  12.9, 
rearranged  as  fo  I  lows :      n '  _      ''    n'    n       , 


n 


VV    c    , 
n    n' 


DISCUSSION 

Double  sanipling  for  stratification  has  proved  to  be  a  design  well  suited 
to  estimating  total  volume  in  the  Pacific  Northwest.      As  might  be  expected,    the 
design  showed  the  greatest  advantage  over  simple  field  plot  sampling  in  counties 
where  residual  patches  of  high  volume  old- growth  timber  are  intermingled  with 
low  volume  young  growth  and  cutover  stands.     Stratification  was  least  effective 
in  counties   such  as  Island  and  Kitsap  where  the  almost  total  absence  of  high 
volume   stands   results  in  generally  low  variance  and  limited  opportunities  for 
stratification.      Nevertheless,    even  here  the  double  sample  provided  estimates 
of  total  volume  one  and  a  half  times  as  efficiently  as  the  simple  field  inventory. 


Of  course,    Forest  Survey  samples  all  land,    forest  and  nonforest  alike, 
over  a  variety  of  ownerships  and  conditions.      This  diverse  sample  with  its  wide 
range  of  volumes  is  well  suited  to  stratification.      F'oresters  whose  inventory 
areas  are  more  homogeneous  should  expect  less  gain  from  stratification.      For 
example,    if  I  had  restricted  my  sample  to  commercial  forest  land,    the  analysis 
indicates  that  the  relative  efficiency  of  the  double   sample  with  proportional 
allocation  would  have  been  about  1.  60  instead  of  2,00.      In  an  inventory  consist- 
ing of  uniform  stands  with  a  narrow  range  of  volumes,    there  might  be  little  or 
no  advantage  to  photo  stratification. 


Although    the  design  utilizing  optimally  allocated  field  plots  was  more  effi- 
cient for  total  volume  estimation  than  was  the  design  with  proportional  allocation, 
the  advantage  was,    for  the  most  part,    quite  small.     Since  the  gain  from  optimum 
allocation  comes  from  concentrating  the  field  effort  in  those  strata  where  within- 
stratum  variance  is  high,    the  gain  is  greatest  when  within- stratum  variances 
differ  greatly  from  one   stratum  to  the  next.      In  this  analysis,    the  differences 
were  not  large  enough  to  permit  large  gains  from  optimum  allocation.      One  might 
suspect  that  more  efficiently  designed  stratum  boundaries  could  increase  the 
advantage  of  optimum  over  proportional  allocation.      As  previously  pointed  out, 
the  northern  Washington  data  were  not  in  a  form  that  would  permit  such  an  analy- 
sis.     However,    I  did  use  other  data  to  compare  the  Forest  Survey  design  with 
another  more  efficient  scheme  devised  by  the  Dalenius  method  described  in 
Cochran  (5,    p.    130).      A  comparison  of  the  two  stratification  schemes  in  three 
counties  in  western  Oregon  showed  only  nominal  differences  in  relative   efficiency. 


As  pointed  out  earlier,    optimum  allocation  for  this  analysis  was  based  on 
the  same  cost  and  variance  estimates  that  were  used  to  calculate  sampling  effi- 
ciency.     In  normal  production  situations,    cost  and  variance  estimates  are  made 
in  advance  of  sampling  and  may  be  substantially  in  error.      If  they  are,    a  lower 
sampling  efficiency  can  be  anticipated. 


OTHER  DESIGN  CONSIDERATIONS 

I  have  limited  this  analysis  to  the  consideration  of  the   relative  efficiency 
with  which  double  sampling  for  stratification  furnishes   estimates  of  total  volume. 
The  inventory  forester  who  must  select  an  inventory  design  suited  to  his  needs 
cannot  limit  himself  to  any  such  single  objective;  he  must  consider  how  well  the 
design  fits  all  of  his  varied  inventory  needs.      Many  of  the  volume  subclasses 
will,    of  course,    benefit  from  an  improved  estimate  of  total  volume.      In  addition, 
commercial  forest  land  estimates  may  be  greatly  improved  by  simultaneously 
double  sampling  for  this   statistic  (6). 

However,    common  sense   suggests  that  some  statistics  are  probably 
unrelated  to  photo  volume  classes  and  that  these  items  will  be  estimated  less 
efficiently  by  a  volume  class   stratified  double   sampling  design  than  by  a  simple 
field  plot  survey.      An  informal  test  of  Forest  Survey  data  indicated  that  volume 
stratification  did  not  reduce  the  variance  of  growth  estimates.      These  estimates, 
therefore,    were  not  improved  by  volume  stratification;  their  precision  depended 
almost  entirely  on  the  number  of  field  plots  taken.     Since  there  are  fewer  field 
plots  in  a  double   sampling  survey  than  in  a  simple  field  plot  sample  of  equal 
cost,    our  growth  estimates  were  less  precise. 

Forest  Survey  experience  indicates  that  this   reduction  in  field  plots  is 
only  about   5  percent,    since  photo  plots  are   so  much  cheaper  than  field  plots. 
Therefore,    as  long  as  field  plots  are  distributed  in  proportion  to  stratum  area, 
statistics  unrelated  to  volume  should  not  suffer  much  loss  in  precision. 

Such  is  not  necessarily  the  case,    however,    when  optimum  allocation  is 
adopted.      Because  the  design  calls  for  a  concentration  of  field  plots  in  high 
variance  strata  at  the  expense  of  low  variance  strata,    low-volume  stands  tend 
to  be  lightly  sampled.      Thus,    statistics  that  are  largely  associated  with  such 
low- volume   stands  will  probably  be  weak,    a  distinct  disadvantage  to  the  manager 
who  is  interested  in  treating  young  and  understocked  stands,    but  of  no  concern 
to  the  forester  who  is  interested  only  in  a  good  estimate  of  current  volume. 


SUMMARY  AND  CONCLUSIONS 

The  foregoing  analysis  is  based  on  data  collected  in  extensive  timber 
volume  inventories  of  areas  covering  much  of  the  range  of  forest  conditions  in 
the  Pacific  Northwest.      Under  these  conditions,    double  sampling  for  stratifica- 
tion provides  estimates  of  total  volume  about  twice  as  efficiently  as  does   simple 
field  plot  sampling.     Some  of  this  gain  comes  from  separating  forest  from  non- 
forest  land,    but  a  substantial  part  of  it  is   realized  only  when  the  forest  plots 
are  further  stratified  into  timber  volume  classes.      Although  optimum  allocation 
of  field  plots  is  more  efficient  than  proportional  allocation,    the  advantage  is 
apparently  slight. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands  .t 
strives  -  as  directed  by  Congress  -  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

New  log  grades  for  cruising  coast  Douglas-fir  have  been  developed  and  tested.      They 
are  for  application  to  standing  timber  and  provide  an  accurate  estimate  of  lumber  and  veneer 
yields  and  timber  values. 

KEYWORDS:    Log  grade,  timber  cruising,  forest  appraisal,  coast  Douglas-fir, 
Pseudotsuga  menziesii,  lumber  yield,  veneer  yield. 

CONTENTS 

Page 

INTRODUCTION 1 

Coast  Douglas-fir  Timber  Resource 1 

Grading  Timber  for  Appraisal 1 

STUDY  METHODS 2 

NEW  GRADING  RULES 3 

General  Grading  Specificgitions 3 

Definitions  of  Log  Grading  Characteristics 3 

Application  of  Grades 4 

Summary  of  Specifications 4 

HOW  THE  GRADES  PERFORM , 4 

Field  Application  Trials 6 

End  Product  Yields  and  Log  Values 6 

SUMMARY  AND  CONCLUSIONS 6 

APPENDIX 10 

Lumber  and  Veneer  Prices 10 


ACKNOWLEDGMENTS 

The  grading  system  described  is  based  on  a  series  of  studies  carried  out 
by  the  Pacific  Northwest  Forest  and  Range  Experiment  Station  in  cooperation 
with  other  Government  Agencies  and  the  forest  products  industry.      Particular 
credit  is  due  the  following  organizations  and  people: 

U.S.  DEPARTMENT  OF  AGRICULTURE,   FOREST  SERVICE 

Pacific  Northwest  Forest  and  Range  Experiment  Station — staff  personnel  of  the 
Timber  Quality  Research  for  Western  Softwoods  Project  who  assisted  with 
data  collection,  analysis,  and  compilation,  Thomas  D.   Fahey,  M.  Wallace 
Burck,  David  C.  Carpenter,  Donald  C.  Martin,  Mildred  P.  Reeder,  and 
Juliet  G.  Bentley. 

Pacific  Northwest  and  California  Regions — aid  in  data  collection  and  field 
demonstrations  of  the  new  grades. 

U.S.  DEPARTMENT  OF  THE  INTERIOR 

Bureau  of  Land  Management — Portland  Technical  Service  Center,  Oregon  State 
Office,  and  California  State  Office  for  aid  in  data  collection  and  field  demon- 
strations. 

Bureau  of  Indian  Affairs — collection  of  data. 

FOREST  PRODUCTS  COMPANIES— particularly  those  companies  who  assisted  in 
logging  the  study  material  and  made  their  facilities  available  for  the  processing 
of  logs  into  lumber  and  veneer. 

FOREST  INDUSTRIES  ASSOCIATIONS  who  provided  grading  supervisors  during 
sawing  and  peeling  operations — American  Plywood  Association,  Timber  Engi- 
neering Co. ,  Western  Wood  Products  Association,  Pacific  Lumber  Inspection 
Bureau,  and  West  Coast  Lumber  Inspection  Bureau. 


INTRODUCTION 


The  Pacific  Northwest  Forest  and 
Range  Experiment  Station  has  developed 
a  new  system  for  grading  old-growth, 
coast- type,   Douglas-fir  sawtimber.— ^ 
This  paper  describes  the  new  grading 
specifications  for  timber  cruisers  and 
timber  appraisers  and  suggests  proce- 
dures for  field  application.    Detailed  infor- 
mation in  the  form  of  lumber  and  veneer 
yield  performance  tables  and  other  statis- 
tical data  for  the  grades  is  beyond  the 
scope  of  this  report  but  will  be  published 
later  by  the  Station.     Included  in  the  re- 
port, however,  is  a  brief  description  of 
how  the  system  was  developed,  the  results 
of  field  application  trials,  and  some  aver- 
age yield  data  for  lumber  and  veneer  to 
illustrate  how  the  grades  perform  in  pre- 
dicting end  product  3delds  and  timber 
value. 

COAST  DOUGLAS- FER 
TIMBER  RESOURCE 

Coast-type  Douglas-fir  is  one  of  the 
most  important  tree  species  in  the  United 
States  in  terms  of  timber  cut  for  the  pro- 
duction of  lumber,  veneer,   and  other  end 
products.    About  10  billion  board  feet  of 
coast  Douglas-fir  is  harvested  annually 
in  western  Washington,  Oregon,   and 
northern  California.     In  1968,  the  stump- 
age  value  of  this  annual  cut  was  estimated 
to  be  in  excess  of  $550  million. 


-'  Old  growth  is  defined  as  trees  generally  more  than  100 
years  old.     Coast-type  (or  "west-side")  Douglas-fir  Fseudottsuga 
meriziesii  (Mirb. )  Franco,  variety  ^.-i ;: i. -■..■;':■  ,   is  the  botanical 
variety  growing  west  of  the  crest  of  the  Cascade  Range  in  Wash- 
ington and  Oregon  and  the  Sierra  Nevada  Range  in  northern 
California,     Sawtimber  is  merchantable  trees  II  inches  and 
larger  in  diameter  at  breast  height  (d.  b,h. ), 


About  30  percent  of  this  commercial 
Douglas-fir  timber  is  cut  from  National 
Forests  and  other  Federal  lands  and  must 
be  appraised  by  these  public  agencies 
when  it  is  offered  for  sale. 

GRADING  TIMBER  FOR 
APPRAISAL 

An  essential  part  of  the  timber  sale 
process  on  public  lands  is  estimation  of 
the  sales  realization  value;  i.e.,    the 
dollar  value  of  the  timber  on  a  given  sale 
area  in  terms  of  the  lumber,  veneer,  or 
other  end  products  that  could  be  produced. 
This  is  normally  done  by  cruising  all,  or 
a  sample  of  the  trees  on  the  sale  area  to 
obtain  an  estimate  of  the  timber  volume 
and  quality  (dollar  value).     Timber  volume 
is  usually  expressed  in  board  feet  and  is 
obtained  from  the  cruise  measurements 
of  trees  on  the  sale  tract.    Quality  is 
determined  by  applying  an  adequate  grad- 
ing system  to  the  cruised  trees  as  de- 
scribed by  Lane.,?./ 

A  grading  system  for  timber  ap- 
praisal should  provide  clear,  easily  applied 
specifications  that  will  sort  or  rank  trees 
according  to  their  value  for  producing 
given  end  products.     The  system  should 
also  provide  reasonably  accurate  esti- 
mates of  the  quantity  and  dollar  value  of 
specific  end  products  for  a  group  of  trees. 
Adequate  timber  grading  systems  for  a 
given  species  or  group  of  species  can  be 
developed  best  by  analytical  studies  of 
the  timber  characteristics  and  their  rela- 
tionship to  end  product  yields  and  values. 


-^  Paul  H,    Lane,     Evaluating  log  and  tree  ((u.iliU  for  w(H>d 
'products.     Forest  Prod,   J,    i:!(3):  89-93,    19r,.t, 


The  grading  systems  presently  used 
by  public  agencies  in  appraising  coast 
Douglas-fir  timber  were  developed  a 
number  of  years  ago  and  do  not  adequately 
reflect  present  timber  utilization  and 
manufacturing  practices,  nor  are  they 
entirely  satisfactory  from  a  standpoint 
of  field  application. 

To  provide  an  up-to-date  analytical 
grading  system  for  coast  Douglas-fir,  the 
Pacific  Northwest  Forest  and  Range  Ex- 
periment Station  studied  the  quality  and 
end  product  yields  of  an  extensive  sample 
of  commercial  old-growth  sawtimber. 
This  research  resulted  in  new  grading 
specifications  described  in  this  paper. 

STUDY  METHODS 

The  new  grading  system  was    de- 
veloped by  study  of  the  quality  character- 
istics and  yields  of  lumber  and  veneer 
from  more  than  1,000  mature  Douglas-fir 
trees  selected  from  typical  commercial 
sawtimber  stands  throughout  the  coast 
Douglas-fir  region.     The  study  trees 
were  selected  from  approximately  100 
sample  areas  in  California,  Oregon,  and 
Washington.    About  three-quarters  of  these 
trees  were  sawn  at  10  sawmills,  and  the 
remainder  were  processed  at  10  veneer 
plants.     The  general  sample  areas  and 
mill  locations  are  shown  in  figure  1. 

Study  trees  were  selected  to  be  as 
representative  as  possible  of  coast-type 
commercial  sawtimber  and  to  sample  the 
full  range  of  timber  size  and  quality. 
Bucking  and  sawing  of  logs  and  peeling 
of  veneer  blocks  was  done  according  to 
the  normal  practice  at  each  study  mill. 
All  the  study  logs  were  scaled  by  Federal 
agency  check  scalers  or  scaling  super- 
visors.    The  lumber  was  graded  by,  or 
under  direct  supervision  of,  a  quality 
supervisor  of  the  Western  Wood  Products 
Association,   West  Coast  Lumber  Inspection 


Figure  1.— Approximate  location  of 
the  timber  sample  areas  ( •  ), 
study  sawmills  (OS),  and  veneer 
plants  (OV). 

Bureau,  or  the  Pacific  Lumber  Inspection 
Bureau.    All  veneer  was  graded  by,  or 
under  the  supervision  of,  the  American 
Plywood  Association  or  the  Timber 
Engineering  Company. 

The  study  yielded  a  total  of  about 
2.7  million  board  feet  of  lumber  and  1.9 
million  square  feet  (3/8- inch  basis)  of 
veneer. 

Detailed  information  was  obtained 
on  the  quality  characteristics  and  accom- 
panying yield  of  lumber  or  veneer  for 
each  study  tree  and  log.     The  relationship 
of  log  and  tree  characteristics  to  lumber 
and  veneer  yields  was  then  analyzed  by 
multiple  regression  and  other  statistical 
techniques,  to  develop  trial  grading 
specifications.     Many  trial  specifications 
were  tested  until  a  final  set  was  developed. 


In  developing  the  specifications,  the  jdeld 
data  from  three  of  the  10  lumber  and 
veneer  plants  were  withheld  from  the 
analyses  for  testing  the  trial  specifica- 
tions.    This  provided  a  data  base  on  which 
to  test  specifications  that  were  not  part 
of  development  data. 

In  selecting  the  final  specifications, 
consideration  was  given  to  the  ease  and 
uniformity  of  application  by  cruisers  as 
well  as  the  performance  of  the  specifica- 
tions as  predictors  of  timber  value. 


and  size  of  log  on  value  and  product 
recovery  will  be  reflected  in  perfor- 
mance tables  to  be  published. 

4.  Most  of  the  grading  specifications 
are  applied  by  log  "faces.  "    A  log 
face  is  one-quarter  of  the  log  circum- 
ference for  the  full  length  of  the  log. 

5.  Logs  that  meet  specifications  for 
Grades  I,  n,  or  HI  must  be  lowered 
one  grade  when  adjacent  to  a  cull  log. 

definitions  of  log  grading 
characteristics!/ 


NEW  GRADING  RULES 

New  grading  rules  and  specifications 
were  developed  for  estimating  the  dollar 
value  of  individual  tracts  of  old- growth 
coast  Douglas-fir  sawtimber  in  terms  of 
lumber  and  veneer  yields.     They  are 
intended  for  use  on  live  standing  timber. 
They  can  also  be  applied  to  recently  killed 
or  blown  down  timber  that  has  not  dete- 
riorated to  the  point  that  it  is  difficult  to 
apply  the  grading  specifications  properly 
or  that  the  normal  product  yields  would 
be  materially  affected. 

GENERAL  GRADING 
SPECIFICATIONS 

1.  The  grades  are  intended  for  16-foot 
log—'  lengths  as  commonly  cruised 
in  standing  trees.     If  the  cruise  log 
length  includes  trim  allowance,  the 
specifications  must  be  applied  to  the 
entire  length. 

2.  The  grades  are  not  intended  for  appli- 
cation to  cull  logs  (logs  with  more 
than  a  two-thirds  cruise  volume 
deduction). 

3.  Although  log  diameter  is  not  a  specific 
grading  criterion,  the  effect  of  grade 


1.  Knots     refer  to  sound,  live,  or  dead 
limbs  or  limb  stubs  outside  of  knot  clusters. 
Knot  diameter  is  measured  at  the  log 
surface,  inside  the  bark  but  outside 

the  limb  collar  or  swelling  that  may 
be  present. 

2.  Knot  indicators  are  bark  distortions 
which  indicate  the  presence  of  under- 
lying knots.    Usually  there  is  a  small 
hole  or  depression  in  the  center  of 
the  distortion.     Indicator  size  is 
determined  by  the  vertical  diameter 
of  the  depression. 

3.  Knot  cluster's   are  three  or  more 
sound  limbs  or  stubs,   1  inch  or  larger, 
in  an  inseparable  group.    The  size  of 
individual  knots  in  a  cluster  is  not 
considered. 

4.  Indicator  clusters  are  three  or 
more  knot  indicators,  usually  well 
defined  by  a  distorted  bark  pattern 
and  surface  rise. 

5.  Soars     are  breaks  in  the  normal  bark 
pattern  caused  by  injuries  from  such 
things  as  fire,  logging,  frost,  and 
lightning.     They  may  be  completely 
overgrown  with  callous  tissue  (old 
injuries),  partially  overgrown,  or 


The  term  "log"  refers  to  designated  sections  of  standing 


-    For  additional  definitions  and  descriptions,  refer  to 
"Log  Diagraming  Guide  for  Western  Softwood"  Ijy  George  H. 
Jackson,  John  W.   Henley,   and  Willard  L.   Jackson.     USDA  Forest 
Service,    Pacific  Northwest  Forest  and  Range  Experiment  Station, 
Portland,  Oregon,  32  p. ,  illus. ,    lOG.'l. 


open  (of  recent  origin).     Their  condi- 
tion, location,   and  size  determine 
whether  they  are  degrading      and 
therefore  considered  in  the  log  grad- 
ing specifications  or  superficial 
and  disregarded. 

(a)  Degrading  soars.    A  scar  is  con- 
sidered to  be  degrading  when  the 
underlying  wood  is  decayed,  ex- 
cessively pitchy,  severely  checked, 
or  otherwise  injured  to  the  extent 
that  lumber  or  veneer  recovery 
would  be  affected. 
{h)  Superficial  soars.   A  superficial 
scar  is  a  shallow,  open,    and 
sound  injury  of  relatively  recent 
origin  that,  in  the  judgment  of 
the  cruiser,  will  not  affect  lumber 
or  veneer  recovery  and  therefore 
is  disregarded.     Small  scars — 6 
by  6  inches  or  less — whether  open 
or  overgrown,  are  also  considered 
to  be  superficial  providing  they 
do  not  contain  rot  or  are  not 
located  in  the   lower  8  feet  of 
the  butt   log       (see  scar  speci- 
fications for  Grades  I  and  II). 

6.  Conks  are  the  fruiting  bodies  of 
fungi  and  indicate  the  presence  of 
interior  rot. 

7.  Cankers   are  lesions  characterized 
by  distorted  bark,  callous  tissue, 
and  pitch  flow.     Common  causes  are 
mistletoe  and  rusts. 

8.  Rotten  knots  are  live  or  dead  limbs 
or  stubs  showing  rot.    Rotten  or 
"punky"  knots  are  treated  the  same 
as  conks. 

9.  Sound  burls  are  round  or  elliptical 
woody  growths  that  protrude  abruptly 
from  the  log  surface  with  no  evidence 
of  decay  or  pitch. 

10.  Unsound  burls  are  characterized  by 
evidence  of  decay  or  heavy  pitch  or 
both. 

11.  Bumps  and  bulges  are  bark-covered 
swellings  on  the  log  surface  that  do 
not  conform  to  the  normal  taper  or 
normal  butt  swell. 


12.  Epioormic  branches      are  small, 
sprout-type  limbs  that  originate  from 
dormant  or  adventitious  buds,  usually 
a  half  inch  or  less  in  diameter. 

13.  Holes   are  the  result  of  bird  peckings 
or  insect  activity  into  the  cambium. 

APPLICATION  OF  GRADES 

Cruisers  (log  graders)  usually 
develop  their  own  procedures  for  applying 
grading  rules.     The  following  are  suggested 
steps: 

1.  Size  up  each  log  with  respect  to  knots, 
determining  either  the  poorest  (shallow) 
or  best  (clearest)  side. 

2.  Establish  log  grading  faces  based  on 
the  presence  and  character  of  any 
knots  or  indicators.    Once  the  grading 
faces  on  a  log  are  established,  they 
cannot  be  shifted.     Exception:    see 
specifications  for  burls. 

3.  Apply  knot  or  indicator  specifications 
to  determine  preliminary  grade  of 
log;  then  apply  other  grading  criteria 
such  as  scars,  conks,  etc. ,  to  estab- 
lish final  grade.     For  example,   if  the 
log  is  knot  free,  it  is  a  potential 
Grade  I.    The  grader  would  then  look 
for  other  limiting  characteristics  to 
establish  the  final  grade. 

SUMMARY  OF 
SPECIFICATIONS 

The  grading  specifications   are 
summarized  in  table  1.     A  convenient 
pocket  size  summary  of  the  grades  on 
waterproof  paper  for  field  use  is  also 
available  from  the  Pacific  Northwest 
Forest  and  Range  Experiment  Station. 

HOW  THE  GRADES  PERFORM 

The  performance  of  the  new  Douglas- 
fir  grades  can  be  measured  by  how  well 
they  can  be  applied  in  the  field  by  timber 
cruisers  and  by  their  ability  to  predict 
timber  values  and  product  yields. 


Table  1.— A  summary  of  the  new  timber  cruising  grades  for  coast  Douglas-fir 


Log 
characteristic 


Grade  I 


1/ 


Grade  II 


1/ 


Grade  III 


1/ 


Grade  IV 


Knot  (souiid) 


Rotten  knot 


Knot  indicator 


Knot  cluster 


Indicator 
cluster 


Degrading  scar 


Sound  burl 


2/ 


Conk,  canker, 

and 
unsound  burl 


Bump  and  bulge 


One  allowed  if  1  inch  or  less 

or 
one  larger  than  1  inch  if 
within  6  inches  of  log  end. 


None  allowed  on  two 
faces.  Knots  larger 
than  2  inches  must  be 
confined  to  upper  or 
lower  half  of  one 
face. 


Knots  (sound 
or  rotten) 
larger  than 
3  inches  must 
be  confined 
to  one  face. 


None  allowed. 


None  allowed  unless 
log  is  otherwise 
Grade  I . 


If  larger  than  1  inch,  must  be 
confined  to  no  more  than  two 
faces. 


No  requirements. 


None  allowed. 


One  if  confined  to 
one  face. 


Any  number  if 
confined  to 
no  more  than 
two  faces. 


One  allowed  if  confined  to 
one  face. 


\lo  requirements. 


None  allowed  from  ground  line 
to  8  feet.  Above  8  feet:  No 
limit  for  sound  scars  6  inches 
X  6  inches  or  smaller;  larger 
sound  scars  must  be  confined 
to  either  one  face  or  not  more 
than  two  faces  in  any  one-fourth 
of  log  length.  No  rotten  scars 
allowed. 


All  scars  having  rot 
must  be  confined  to 
one  face. 


No 
requirements . 


Disregard  burls  if  less  than  6  inches  in  diameter. 


If  larger  than  6-inch  diameter, 
must  be  confined  to  one  face. 


'Jone  allowed. 


None  6  inches  x  6  inches  or 
larger  allowed  from  ground 
line  to  8  feet.  No  require- 
ments above  8  feet. 


Epicormic  branches 
and  holes 


Must  be  confined  to  one  face. 


All  larger  than  6-inch  diameter 
must  be  confined  to  three  faces. 


None  allowed  unless 
log  is  otherwise 
Grade  I . 


No 
requirements 


No  requirements. 
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-'  A  log  meeting  specifications  for  either  Grade  I,  II,  or  III  is  lowered  one  grade 

if  adjacent  to  a  cull  log. 

2/ 

-  When  burls  are  considered,  log  faces  can  be  shifted  from  the  faces  initially 

established  for  knots  or  other  characteristics. 


Extensive  field  application  trials  of  the 
grades  have  been  made  by  many  public 
agency  timber  cruisers  .  The  grades  were 
applied  to  all  of  the  saw  logs  (5, 138)  and 
veneer  logs  (1,484)  produced  from  the 
study  trees  to  evaluate  yield  and  value 
predictions. 

FIELD  APPLICATION  TRIALS 

More  than  40  timber  cruisers  of 
the  U.  S.   Forest  Service  and  Bureau  of 
Land  Management  in  Oregon  and  Califor- 
nia participated  in  field  trials  and  applied 
the  new  log  grades  to  trees  under  a 
variety  of  stand  conditions.     The  specifi- 
cations and  their  application  have  also 
been  discussed  with  several  hundred 
representatives  of  industry  in  a  series 
of  public  meetings  in  California,  Oregon, 
and  Washington. 

The  application  trials  and  public 
meetings  resulted  in  overwhelming 
support  for  the  adoption  of  the  grades  in 
timber  sale  cruising.     Some  of  the  advan- 
tages of  the  grades  expressed  by  the 
cruisers  included:    (1)  increased  accuracy 
and  consistency  of  grading,  (2)  ease  of 
learning  and  understanding  the  specifica- 
tions,  and  (3)  uniformity  of  grading  among 
cruisers. 

END  PRODUCT  YIELDS 
AND  LOG  VALUES 

The  average  lumber  and  veneer 
yields  by  these  new  grades  for  all  the 
study  logs  are  shown  in  figures  2  through 
7.     Figure  2  shows  a  progressive  and 
significant  decrease  in  the  yield  of  the 
Select  grades  of  lumber  from  log  Grades 
I  to  IV  and  conversely,   an  increase  in 
the  yield  of  the  Utility  and  Economy  lum- 
ber grades.    A  similar  yield  pattern  for 
veneer  is  illustrated  in  figure  3.     Figures 
4  and  5  illustrate  how  the  log  grades 
stratify  the  dollar  value  of  coast 


Douglas-fir  saw  logs  by  grade  and   di- 
ameter.    These  value  curves  were 
developed  by  least  squares  regressions 
using  dollars  per  thousand  board  feet, 
Scribner  net  log  scale  (figure  4),   and 
dollars  per  thousand  board  feet,  lumber 
tally,   as  dependent  variables  and  log 
diameter  as  the  independent  variable 
(figure  5).     Similar  value  curves  for 
veneer  logs  are  shown  in  figures  6  and 
7.    Representative  lumber  and  veneer 
prices  used  in  these  analyses  are  shown 
in  tables  2,   3,   and  4  in  the  appendix. 

SUMMARY  AND  CONCLUSIONS 

The  coast  Douglas-fir  grades  de- 
scribed in  this  report  have  received  ex- 
tensive field  application  trials,   and  their 
performance  in  predicting  the  value  of 
standing  timber  has  been  evaluated  by  key 
timber  appraisal  people  in  public  agencies 
and  industry.     The  trials  demonstrated 
that  these  grades  offer  a  number  of  advan- 
tages over  grading  systems  presently 
available  for  coast  Douglas-fir.     Some 
of  the  desirable  features  of  these  new 
grades  are  that  they: 

1.  Are  analytical  grades  based  on  an 
extensive  sample  of  timber  and  manu- 
facturing plants,  representative  of 
public  timber  resource  and  industry 
practice  throughout  the  coast  Douglas- 
fir  region. 

2.  Provide  relatively  accurate  estimates 
of  lumber  and  veneer  yields  and 
timber  values. 

3.  Provide  significant  differences  in 
product  yield  volumes  and  value 
among  the  four  log  grade  classifications. 

4.  Have  specifications  that  are  easily 
understood  and  applied  by  cruisers. 

5.  Are  applicable  throughout  the  coast 
Douglas-fir  region. 

The  obvious  and  demonstrable  advan- 
tages of  these  new  grades  suggest  their 
adoption  for  appraising  the  end  product  of 
coast  Douglas-fir  timber. 


60- 


_  50_ 


-40U 

> 

o 

m    30 

X. 

LU 
O 
< 

5  20 


03 

3  10 


Lumber  Grade  Key 

H  B^  C.  D  Selects 

t'S-l  Moulding,  Factory  Selects,  No    1    No    2.  No    3  Shop 
I     I  Select  Structural,  Construction,  Standard 
Utility,  Economy 


C' 


LOG  GRADE 


Figure  2. -Average  coast  Douglas-fir  lumber  recovery  by  lumber  grade  groups  and  by  log  grade. 
Basis:  558  Grade  1  logs;  1,049  Grade  II  logs;  2,310  Grade  III  logs;  1,221  Grade  IV  logs. 
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Figure  3. -Average  coast  Douglas-fir  veneer  recovery  by  veneer  and  log  grades.  Basis:  207  Grade  I 
logs;  371  Grade  II  logs;  563  Grade  III  logs;  343  Grade  IV  logs. 


Grade  I      S/MBF  net  log  scale  =    82  617+  1  208  (log  tliameterl 

Grade  II  $/MBF  net  log  scale  =  102  970-0  786  (log  diameterl  +0.024  (log  diameter!' 
Grade  III  $/MBF  net  log  scale  =  123  969-2  650  (log  diameterl  +  0  048  (log  diameterl' 
Grade  IV  $/MBF  net  log  scale  =  136  397  -4.277  (log  diameter)  +  0.068  (log  diameterl' 
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Figure  4.— Average  value  (dollars  per  thousand  board  feet,  net  log  scale)  of  coast  Douglas-fir  saw 
logs  by  grade  and  diameter.  Basis:  558  Grade  I  logs;  1,049  Grade  II  logs:  2,310  Grade  III  logs; 
1 ,221  Grade  IV  logs.  For  lumber  price  base,  see  table  2  in  the  appendix. 
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■Regression  equation: 

Grade  I  $/MBF  lumber  taMy  =  59  400  +  1  534  (log  diameter) 
Grade  II  $/MBF  lumber  tally  =60  969+  1  007  (log  diameter) 
Grade  III  $/MBF  lumber  tally  =  62  481  +  0  636  (log  diameter  I 
Grade  IV  S/MBF  lumber  tally  =  55  307  +  0  141  (log  diameter) 


0  006  (log  diameter)' 
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Figure  5. -Average  value  (dollars  per  thousand  board  feet,  lumber  tally)  of  coast  Douglas-fir  saw 
logs  by  grade  and  diameter.  Basis:  558  Grade  I  logs;  1,049  Grade  II  logs;  2,310  Grade  III  logs; 
1.221  Grade  IV  logs.  For  lumber  price  base,  see  table  2  in  the  appendix. 
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Regression  equation: 


Log  Grade  I       $/MBF  net  log  scale  =  66  761  +  1 .524  (log  diameterl 
Log  Grade  II      S/MBF  net  log  scale  =  34,256  +  2.172  (log  diameterl 

Log  Grade  III  S/MBF  net  log  scale  =  52.130  -0.607  (log  diameterl 
+  0.040  (log  diameter)' 

Log  Grade  IV  $/MBF  net  log  scale  =  65.967  -  2.254  (log  diameter) 
+  0.052  (log  diameter)' 
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Figure  6.— Average  value  (dollars  per  thousand  board  feet,  net  log  scale)  of  coast  Douglas-fir  veneer 
logs  by  grade  and  diameter.  Basis:  207  Grade  1  logs;  371  Grade  II  logs;  563  Grade  III  logs;  343 
Grade  IV  logs.  For  veneer  price  base,  see  table  3  in  the  appendix. 
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Regression  equation: 


Log  Grade  I       $/M  sq.  ft.  veneer  tally  =  22.883  +  0  500  (log  diameter) 
Log  Grade  II     S/M  sq.  ft.  veneer  tally  =  14.740  *  0.643  (log  diameter) 

Log  Grade  III    $/M  sq.  ft  veneer  tally  =  23.101  -  0  458  (log  diameterl 

+  0.018  (log  diameter)' 

Log  Grade  IV    S/M  sq.  ft.  veneer  tally  =   18.810  -  0  180  (log  diameter! 

+  0.012  (log  diameter)' 
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Figure  7. -Average  value  (dollars  per  thousand  square  feet,  3/8-inch  basis)  of  coast  Douglas-fir 
veneer  logs  by  grade  and  diameter.  Basis:  207  Grade  I  logs;  371  Grade  II  logs:  563  Grade  III  logs; 
343  Grade  IV  logs.  For  veneer  price  base,  see  table  3  in  the  appendix. 


APPENDIX 


LUMBER  AND  VENEER  PRICES 

Prices  were  applied  to  the  various 
grades  and  sizes  of  lumber  and  veneer 
produced  from  the  study  logs  to  deter- 
mine log  values,  to  develop  the  grading 
specifications,   and  to  test  the  performance 
of  the  log  gi-ades.     The  prices  used  were 
judged  to  be  representative  of  industry 
experience  at  the  time  of  the  analyses. 
Lumber  prices  used  were  for  1963  and 


were  obtained  from  various  sources  in- 
cluding   "Random  Lengths  Weekly  Lumber 
Price  Guide,"  "Crow's  Weekly  Price  Re- 
porter, "  a  number  of  private  companies, 
and  several  government  agencies.     The 
veneer  prices  were  developed  from  infor- 
mation provided  by  the  American  Ply- 
wood Association  for  calendar  year  1965. 

Lumber  prices  are  shown  in  tables 
2  and  3;  veneer  prices,   in  table  4. 


Table  2. — Representative  1963  prices  for  coast  Douglas-fir  Select, 
Board,  and  Dimension  grade  lumber 


Width  (inches) 

Lumber  grade 

Th 

ckness 

4 

6 

8 

10 

12+ 

Inohei 



Pol 

.aps  I'd' 

thoucani 

/  hoa-pJ  J 

V.t— - 

SELECTS: 

B  and  Better 

1 

165 

165 

175 

175 

225 

2 

135 

145 

165 

185 

225 

3 

and 

4 

175 

190 

190 

190 

245 

5+ 

-- 

205 

205 

205 

265 

C 

1 

130 

135 

135 

145 

195 

2 

120 

125 

125 

135 

185 

3 

and 

4 

155 

170 

170 

170 

220 

5+ 

-- 

185 

185 

185 

235 

D 

1 

85 

100 

100 

105 

135 

2 

80 

95 

95 

95 

125 

3 

and 

4 

125 

140 

140 

140 

190 

5+ 

-- 

155 

155 

155 

205 

BOARDS  AND  DIMENSION: 

Select  Structural!'' 

1 

76 

76 

80 

85 

90 

2 

81 

81 

86 

92 

92 

3 

and 

4 

98 

98 

98 

98 

113 

5+ 

-- 

98 

98 

98 

113 

Construction 

1 

69 

69 

69 

71 

71 

2 

74 

74 

74 

78 

78 

3 

and 

4 

85 

85 

85 

85 

90 

5+ 

85 

85 

85 

85 

90 

Standard 

1 

48 

48 

46 

46 

46 

2 

63 

61 

60 

58 

58 

3 

and 

4 

75 

75 

75 

75 

80 

5+ 

— 

75 

75 

75 

80 

Ut  i 1 1 ty 

1 

36 

36 

36 

36 

36 

2 

45 

42 

38 

34 

34 

3 

and 

4 

50 

50 

50 

50 

50 

5+ 

-- 

50 

50 

50 

50 

Economy 

1 

17 

17 

17 

17 

17 

2 

18 

18 

17 

17 

17 

3 

and 

4 

20 

20 

20 

20 

20 

5+ 

"" 

20 

20 

20 

20 

1/ 


Grade  name  for  boards  is  Select  Merchantable. 
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Table  3.— Representative  1963  prices  for  coast  Douglas-fir 
Shop  and  Moulding  grade  lumber 


Lumber  grade 


Thickness  (inches) 


5/4  and  thicker 


SHOP: 

uo 

Factory  Select!/ 

115 

No.  1  Shop 

95 

No.  2  Shop 

65 

No.  3  Shop 

35 

MOULDING: 

80 

Dollars  per  thousand  board  feet- 

105 
90 
60 
30 

125 


—  For  1-inch  Shop,  grade  name  is  Select  Shop. 


Table  4.— Representative  1965  veneer  prices  for 

coast  Douglas-fir 


Veneer  grade 


Dollars  per  thousand  sguare  feet, 
3/8- inch  basis!/ 


80.68 
48.05 
21.72 
17.18 


—  Prices  are  "pond-values"  for  dry,  untrimmed  veneer;  i.e., 
the  estimated  value  of  veneer  in  the  log  at  the  mill  but  prior  to 
peel ing. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

In  most  areas,   normal  yield  tables  are  the  only  tools 
available  for  estimating  timber  productivity  and  establishing 
stocking   standards.     However,    the    stocking   capacity     of 
naturally  sparse  stands  in  the  arid  West  is  often  lower  than 
was  found  in  the  stands  sampled  by  the  makers  of  normal 
yield  tables.    Normal  yield  table  estimates,  therefore,  may 
indicate  high  productivity  and  understocking  for  stands  that 
are  really  well  stocked  but  not  very  productive. 

About  half  of  the  commercial  forest  land  in  the  areas 
studied — eastern  Oregon  and  northern  California — appears 
unable  to  support  normal  yield  table  stocking  levels.    Two 
methods  are  presented  for  identifying  and  quantifying  this 
limitation.      The  first  method  is  to  develop  factors  to  dis- 
count the  normal  yield  tables  in  habitat  types  where  a  stock- 
ing limitation  exists.    The  second  method,  for  areas  where 
habitat  types  have  not  been  classified,  is  to  predict  stocking 
capacity  from  multiple  regression  equations  based  on  site 
index,  elevation,  and  the  presence  of  certain  indicator  plants. 

KEYWORDS:    Stand  density,  indicator  plants,  productivity, 
stand  yield  tables. 
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INTRODUCTION 


In  the  arid  West,  stands  of  trees  on 
the  lower  forest  fringe  are  often  surpris- 
ingly sparse,  in  spite  of  a  moderately 
good  site  index  and  a  history  unmarked 
by  either  human  disturbance  or  natural 
catastrophe  (fig.   1).     Such  stands  appear 
to  have  always  been  lightly  stocked. 
Wikstrom  and  Hutchison  (1971),  comment- 
ing on  this  condition,  observed  that 

.   .   .  the  assumption  that  the 
area  being  evaluated  can  support 
as  many  trees  as  the  land  on 
which  the  yield  table  data  were 
collected  ...   is  not  always 
true  and  is  not  generally  true 
on  the  more  arid  fringe  of  the 
forest.    In  areas  of  low  rainfall, 


each  tree  requires  more  room 
than  is  "noi'mal"  to  fulfill  its 
moisture  requirements. 

Despite  their  understocked  appearance, 
such  stands  are  often  fully  utilizing  the 
site's  capacity  to  grow  trees. 

Naturally  sparse  stands  may  also 
occur  where  physical  obstructions 
inhibit  tree  growth  over  part  of  an  area. 
Trees  may  be  growing  in  pockets  of 
deep  soil  or  cracks  in  the  bedrock, 
interspersed  with  small  areas  where 
the  soil  is  too  shallow  to  grow   trees. 
Such  stands  also  often  appear  under- 
stocked when,   in  fact,    the  site  may  be 
fully  occupied. 


r-i'.T-':;-.  ■:'. 
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Figure  1. — Ponderosa   pine  on   the  Colville  Indian 
Reservation  growing  near   the  lower  limits  of 
tree  occurrence.      Stands  such  as    this  are 
naturally   sparse. 


IMPACT  OF  LIMITED  STOCKING  CAPACITY 
ON  FOREST  PRODUCTIVITY 


In  areas  where  moisture  is  limited, 
shallow  soil  and  rock  outcrops  common, 
or  other  extensive  limitations  on  stocking 
capacity  present,  a  corresponding  reduc- 
tion in  forest  productivity  is  likely — an 
effect  often  ignored  in  timber  inventories 
(fig.  2).     Forest  management  decisions 
are  strongly  influenced  by  the  quality  of 
available  estimates  of  productive  potential 
and  of  current  stocking  level — the  degree 
of  utilization  of  the  potential  productivity. 
Failure  to  recognize  stands  with  limited 
stocking  capacity  may  result  in  costly 
management  errors.    For  example,  if 
stands  identified  as  poorly  stocked  are 
really  sparse  stands  fully  occupying  sites 
with  limited  stocking  capacity,  then  a 
planting  program  would  fail. 

In  most  areas,  estimates  of  produc- 
tive potential  are  based  on  normal  yield 
tables — the  only  available  sources  of 
productivity  information.    One  procedure 
used  is  to  measure  the  site  index,    then 


refer  to  a  normal  yield   table  for  the  mean 
annual  increment  at  the  point  of  culmina- 
tion for  that  site  index.     This  estimate  of 
the  productive  potential  for  well-stocked 
natural  stands  forms  a  basis  for  compar- 
ing the  productivity  of  different  areas. 
It  is  used  in  this  manner  by  the  nationwide 
Forest  Survey  of  the  U.  S.  Forest  Service. 
Many  others  use  site  index  as  a  means  of 
ranking  productivity  without  attempting  to 
quantify  the  estimates.    The  soil  vegetation 
maps  of  California,  J;/  for  example,  show 
Dunning's  site  class  (Dunning  1942)  for 
every  commercial  forest  land  type  island. 
The  tabulation  or  mapping  of  forest  land 
into  site  classes  is  a  widespread  practice 
among  forest  managers. 

Implicit  in  these  approaches  is  the 
assumption  that  all  acres  having  the  same 
site  index  are  equally  productive.      The 
widespread  acceptance  of  this  assumption 
is  evidenced  by  the  importance  generally 
placed  on  site  index  information  when 
making  management  decisions.    However, 
the  assumption  that  forest  productivity 
depends  on  site  index  alone  and  can  be 
measured  by  normal  yield  tables  is  valid 
only  when  the  area  of  interest  has  environ- 
mental conditions  that  fall  within  the  range 
of  those  sampled  by  the  maker  of  the  yield 
table. 

Stocking  standards  also  typically 
rest  on  the  assumption  that  all  acres  with 
a  given  site  index  are  equally  productive — 
at  least  within  a  forest  tj^je.    Present 
growing  stock — usually  expressed  as  basal 
area  or  number  of  trees  per  acre — is 
compared  to  a  stocking  standard  that  is 
often  derived  from  normal  yield  tables. 
This  comparison  provides  an  indication 


figure   2. — These  large  rocks  on   the  Warm  Springs 
Indian  Reservation  severely  restrict  stocking 
capacity .      The   site   index  is    60  and   the   total 
basal   area   is   45  square  feet  per  acre  or  26 
percent  of   "normal . " 


—      Compiled  by  the  Soil- Vegetation  Survey  conducted 
by  the  Pacific  Southwest  Forest  and  Range  Experiment  Station 
in  cooperation  with  the  University  of  California  for  the 
California  Division  of  Forestry. 


of  how  well  the  productive  potential  of 
the  site  is  being  utilized.    However,  stock- 
ing estimates  obtained  in  this  manner  are 
again  only  valid  for  areas  that  fall  within 
the  range  of  conditions  sampled  to  develop 
the  stocking  standard. 

Areas  with  patchy  stands,  nonforest 
inclusions,  and  sparse  stands  on  the  forest 
fringe  are  situations  that  evidently  were 
not  sampled  by  the  makers  of  yield  tables. 
Meyer's  (1961)  ponderosa  pine  {Pinus 
■pondevosdy-    yield  table  is  based  on  a 
sample  which  excluded  all  plots  with  a 
stand  density  index  of  less  than  250  (250 
trees  per  acre  when  quadratic  mean  diam- 
eter is  10  inches).     Data  collected  by 
Hall—/  in  the  Blue  Mountains  of  eastern 
Oregon  suggest  that  substantial  areas  of 
ponderosa  pine  type  will  not  support  this 
many  trees. 

Data  gathered  for  this  study  suggest 
a  similar  situation  in  California.    Stock- 
ing capacity  also  is  obviously  limited, 
possibly  because  of  soil  toxicity,   in  stands 
of  Jeffrey  pine  {Pinus  jeffreyi)  growing 
on  serpentine  (peridotite  and  serpentinite 
soils)  in  southern  Oregon  and  northern 
California  (fig.  3).    We  have  observed 
similar  restrictions  on  stand  density  in 
stands  of  other  species  growing  on  dry 
sites,   and  Wikstrom  and  Hutchison  (1971) 
report  the  condition  to  be  widespread  in 
the    intermountain  and  Rocky  Mountain 
regions. 

The  assumption,  implicit  in  most 
yield  tables,  that  stocking  capacity  is 
constant  for  a  given  site  index  has  been 
questioned  by  several  European  authors. 
Assmann  (1959)  found  substantial  varia- 
tion in  Norway  spruce    (Pioea  exaelsa) 


2/ 

—     Names  of  trees  according  to  Little  (1953). 

2'    Frederick  C.  Hall,  unpublished  data  on  file  at  the 
Regional  Office,  U.  S.  Forest  Service,  Portland,  Greg. 


yields  that  he  was  unable  to  explain  by 
site  index.    Bavarian  spruce  yield  tables 
(Assmann  and  Franz  1965)  reflect  these 
findings  by  dividing  each  site  index  class 
into  three  production  classes.    Recent 
British  tables  (Bradley,  Christie,    and 
Johnston  1966)  are  similarly  divided. 
Locally,  data  from  Hall's  (1971)  ecological 
study  of  the  Blue  Mountain  region  of  east- 
em  Oregon  indicate  that  basal  area  carry- 
ing capacity  is  more  closely  related  to 
plant  community  than  to  site  index. 

Under  what  conditions  are  the  pro- 
cedures described  above  inappropriate? 
One  such  situation  occurs  when  small 
patches  of  nonforest  land,  usually  avoided 
by  the  makers  of  normal  yield  tables,  are 
included  in  the  forest  land  sample.     Such 
patches  may  be  deliberately  combined 
with  forest  land  because  they  fail  to  meet 
some  previously  defined  minimum  area 
standard,  or  they  may  be  patches  of 
scabland — nonforest  inclusions  incapable 
of  growing  trees — that  have  been  mistaken 


Figure    3. — Jeffrey  pine  growing  on  serpentine 
(peridotite  soil)    north  of  Grants  Pass, 
Oregon.      The  stocking  capacity  of  this  area 
is  severely  limited.      Although    the  site 
index  is   95,    the  basal   area   is  only   24 
square  feet  per  acre — about  11   percent  of 
"normal"   stocking. 
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for  nonstocked  forest  land.    In  either  case, 
conventional  procedures  based  on  site 
index  and  a  normal  yield  table  will  lead 
to  overestimation  of  potential  productivity 
and  underestimation  of  stocking.    As 
previously  pointed  out,  this  combination 
of  errors,  in  turn,  may  lead  to  the  identi- 
fication of  an  apparent  treatment  oppor- 
tunity where  none  exists. 

Conventional  procedures  are  also 
inappropriate  for  assessing  the  potential 
productivity  and  stocking  of  sparse  stands 
near  the  dry  lower  forest  fringe — the  sort 
of  stands  referred  to  by  Wikstrom  and 
Hutchison  (1971).     Such  stands  may  have 
as  few  as  15  or  20  trees  per  acre  and  no 
evidence  that  stocking  has  ever  been 
greater.     They  are  often  on  deep  soil 
and  display  a  site  index  as  good  as  that 
found  in  much  denser  stands  at  higher 
elevation.    Ecologists,  silviculturists, 
and  other  forest  scientists  that  we  talked 
to  were  in  general  agreement  that  such 


stands,  if  uncut  and  free  from  catastrophe, 
are  in  fact  fully  occupying  the  site  even 
though  stand  density  is  far  below  that  indi- 
cated by  normal  yield  tables.    This  is  a 
logical  assumption  if  one  accepts  the 
premise  implied  by  the  normal  yield  tables 
and  accepted  by  Franz  (1967)  that  stands 
allowed  to  develop  in  an  undisturbed  con- 
dition tend  toward  an  equilibrium  at  a 
".  .  .  natural  basal  area  [that]  is  an 
expression  of  the  productive  capacity  of 
the  site. " 

A  proper  method  for  estimating  pro- 
ductivity on  sites  with  limited  stocking 
capacity  entails  comprehensive  site  and 
yield  studies.    Since  such  data  are  years 
away,  the  urgent  need  for  good  productivity 
estimates  encouraged  us  to  develop  some 
alternative  solutions  that  would  improve 
Forest  Survey  productivity  estimates.    Two 
such  solutions  are  presented  here — one  for 
an  area  where  considerable  research  data  were 
available  and  one  for  an  area  lacking  such  data. 


A  GENERAL  APPROACH 


Before  examining  specific  localized 
procedures,  let  us  first  consider  the 
general  problem  of  identifying  and  quanti- 
fying restrictions  on  stocking  capacity. 
The  easiest  part  of  the  problem  involves 
such  obvious  restrictions  as  rock  out- 
crops.     If  half  a  plot  is  solid  rock,  then 
a  50-percent  reduction  in  productive 
capacity  seems  logical.     Likewise,  the 
stocking  standard  for  that  particular  plot 
should  be  only  one-half  that  for  a  fully 
productive  plot.    If  the  plot  is  bisected 
by  a  creek,  the  answer  is  not  so  obvious 
since  the  trees  may,  to  some  extent, 
utilize  the  soil  under  the  creek  and  the 
air  space  over  it.    Nevertheless,  since 
creek  bottoms  are  usually  either  very 
stony  or  saturated  with  water,  it  is 
probably  more  reasonable  to  assume 
that  the  creek  is  nonstockable  than  to 
assume  that  the  potential  productivity 


of  the  acre  is  unaffected  (fig.  4). 

Identifying  small  patches  of  land  with 
soil  too  shallow  to  grow  trees  is  more 
difficult.    Fortunately,  the  plant  commun- 
ities growing  on  such  scabland  areas  are 
usually  distinctly  different  from  those 
found  on  timber  growing  sites.    On  the 
Modoc  plateau  in  northern  California, 
for  example,  Artemisia  arbusoula  —' 
is  an  indicator  of  nonforest  land.^/      If, 
with  the  help  of  ecologists,  we  can  learn 
to  recognize  the  plant  communities  that 
occur  only  on  nonforest  land,  then  we  can 
handle  such  areas  in  the  same  manner  as 
rock  outcrops  and  streambeds. 
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Names  of  grasses,  herbs,  and  shrubs  follow  Munz 


and  Keck  (1970). 

— ^    Conversation  with  Frederick  C.  Hall,  range  ecologist, 
U.  S.  Forest  Service,  Portland,  Greg. 


igure   4. — It  is  reasonable   to  assume   that 
this  creek  bed  is  nonstockable . 


Learning  to  recognize  sites  that  grow 
trees  but  are  limited  in  stocking  capacity 
is  a  complex  problem.    If  we  accept  the 
premise  that  undisturbed  stands  tend  to- 
ward equilibrium  (Franz  1967),  we  can 
seek  out  such  stands  and  compare  their  basal 
areas  with  those  predicted  by  a  normal 
yield  table  for  the  same  stage  of  develop- 
ment.   Those  stands  with  less  than  "normal" 
stocking  (including  recent  mortality)  can 
be  assumed  to  have  a  stocking  restriction. 
By  measuring  such  stands,  we  could  build 


a  new  "normal  yield  table"  for  sites  with 
restricted  stocking  capacity. 

But  how  can  we  recognize  restricted 
stocking  capacity  when  disturbance  has 
removed  part  or  all  of  the  tree  cover? 
One  way  would  be  to  study  the  effect  on 
forest  stocking  of  all  the  various  physical 
factors  which  affect  the  environment:   soil, 
microclimate,   available  moisture,  slope, 
aspect,  etc.     Such  an  approach  seems 
time  consuming  for  an  ecologist  and 
probably  hopeless  for  the  average 

inventory  crew.     Even  detailed  soil  infor- 
mation,  although  prospectively  highly 
useful,  is  not  easy  to  gather  in  most 
inventory  situations. 

Fortunately,  the  plants  growing  on 
a  site  offer  an  important  alternate  source 
of  information.     Plants  or  plant  commu- 
nities have  often  been  used  as  indicators 
of  environmental  factors  present,  particu- 
larly those  which  are  critical  to  plant 
growth  on  a  particular  location — e.  g. , 
moisture,  temperature,  fertility,  etc. 
(Daubenmire  and  Daubenmire  1968, 
Dyrness  and  Youngberg  1966,  Griffin  1967, 
Poulton  1970,   Waring  1969,  Youngberg 
and  Dahms  1970).     If  plant  communities 
representing  various  levels  of  forest 
productivity  can  be  identified,  then  sepa- 
rate yield  tables  can  be  developed  for 
each  community,  or  in  place  of  this, 
discount  factors  computed  for  existing 
yield  tables. 


A  PROCEDURE  FOR  EASTERN  OREGON 


The  first  phase  of  this  study  was  an 
effort  to  use  plant  community  information 
to  identify  areas  where  stocking  capacity 
is  restricted  and  to  improve  productivity 
and  stocking  estimates  on  such  areas. 
Fortunately,   F.   C.   Hall,  Range  Ecologist 
for  the  U.  S.  Forest  Service's  Region  6, 
had  recently  developed  a  habitat  type 


(plant  community)  classification  scheme 
similar  to  Daubenmire  and  Daubenmire' s 
(1968)  for  the  Blue  Mountain  region  of 
eastern  Oregon,  an  area  where  a  Forest 
Survey  timber  inventory  was  currently 
in  progress. 

Hall  also  developed  a  key  (see 


footnote  3)  for  determining  plant  commu- 
nity, even  when  disturbance  has  destroyed 
the  climax  vegetation.    In  addition,    he 
estimated  the  average  basal  area  and  site 
index  associated  with  each  plant  commu- 
nity from  measurements  in  undisturbed 
stands.    Hall's  data  indicated  that  six 
plant  communities  grew  on  sites  incapable 
of  supporting  "normal"  levels  of  stocking 
(fig.  5).    The  ratio  of  Hall's  basal  area 
data  to  equivalent  normal  yield  table  data 
provided  a  basis  for  discounting  normal- 
yield-table-derived  stocking  standards 
and  productivity  estimates  as  follows: 


Percent  of 

Plant  community 

normal 

Pine/wheatgrass 

20 

PineA»itterbrush/fescue  or 

sedge 

54 

Pine/bitterbrush/stipa 

59 

Pine /fescue 

59 

Pine/elk  sedge 

74 

Pine/shrub/elk  sedge 

79 

igure   5. — This   uncut  ponderosa  pine  stand,    near 
Bend,    Oregon,    is   growing  in  a   pine/bitter- 
brush/  fescue  plant  community .      Although   the 
site   index  is    70,    basal    area   per   acre   is   only 
85   square  feet — about   42  percent   of   "normal." 
The   growth   rate  has   slowed   from  six  rings  per 
inch    to   30  rings  per   inch,    indicating   that 
the  stand   is   probably   overstocked . 


In  addition,  nonstockable  land  was 
treated  as  0  percent  of  normal  (fig.  6). 
Seven  other  plant  communities  were  iden- 
tified but  not  discounted  as  no  stocking 
problem  appeared  to  exist. 

Forest  Survey  field  plots  sample 
approximately  an  acre  with  a  cluster  of 
10  points.    In  eastern  Oregon,  each  stock- 
able  point  on  each  commercial  forest  plot 
was  placed  in  one  of  the  13  plant  commu- 
nities.   On  spots  where  the  soil  was  too 
shallow  to  support  tree  growth,  we  found 
grasses  and  herbs  that  identified  nonforest 
habitat  types  in  Hall's  key.    Points  falling 
on  such  spots  were  classed  as  nonstockable, 
as  were  those  falling  on  bare  rock,  water, 
or  any  other  nonstockable  condition.    The 
10  discount  factors — one  for  each  point 
in  the  10-point  cluster — were  then  aver- 
aged to  provide  a  discount  factor  for  the 
entire  plot.    Productivity  was  estimated 
for  the  plot  by  obtaining  the  mean  annual 
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Figure   6. — Nonforest    (Poa-Danthonia)    scabl  i^ 
in  Oregon's  Blue  Mountain  area.      The 
forest  land  in   the  background  is  a 
pine/wheatgrass  community   with  a   stock! 
capacity  limited   to  about   20  percent  of 
"normal"   basal   area. 


increment  at  culmination  from  an  appro- 
priate yield  table  and  multiplying  this 
amount  by  the  plot  discount  factor.     Plot 
stocking  was  assessed  by  comparing  the 
basal  area  found  on  the  plot  with  a  basal 
area  standard.    This  standard  was  derived 
from  an  appropriate  normal  yield  table 
and  discounted  by  the  plot  discount  factor. 

We  were  aware  that  several  writers 
(Lynch  1958,  Smithers  1961,  Curtis  and 
Reukema  1970)  have  reported  that  site 
index  is  sometimes  correlated  with  stand 
density — especially  in  very  dense  stands. 
However,  since  our  major  interest  in  this 
study  was  in  relatively  low-density  stands 
where  the  likelihood  of  site  index- stand 
density  correlations  seemed  least,  we 
assumed  that  site  index  is  independent  of 
stand  density. 

Forest  Survey  inventoried  all  forest 
land  in  eight  counties  of  eastern  Oregon 
(Baker,  Grant,  Harney,   Malheur,  Morrow, 
Umatilla,  Union,   and  Wallowa),  except 
for  the  National  Forests.     The  sample 
included  220  field  plots  distributed  over 
the  area  on  a  rectangular  grid.    After 
discounting  for  limited  stocking  capacity, 
15  percent  of  the  land  that  had  been  classi- 
fied as  commercial  forest  was  reclassified 
as  noncommercial  because  it  failed  to 
meet  the  minimum  productive  capacity 
for  commercial  forest  as  defined  by  Forest 
Survey  (20  cubic  feet  per  acre  per  year). 
Half  of  the  remaining  commercial  forest 
area  was  discounted  because  the  plant 
community  indicated  that  the  site  was  not 
capable  of  carrying  normal  yield  table 
levels  of  stocking.    The  total  effect  of  the 
discount  was  to  lower  our  estimate  of  the 
productive  capacity  of  forest  land  in  the 
eastern  Oregon  inventory  unit  by  21  per- 
cent including  the  loss  due  to  change  in 
land  class. 

The  stocking  capacity  discount  had 
a  similar  effect  on  the  basal  area  by  which 


plot  stocking  was  judged.    On  50  percent 
of  the  commercial  forest  plots,  the  basal 
area  required  for  full  stocking  was  reduced. 
As  a  result,  those  plots  were  judged  to  be 
somewhat  better  stocked  than  previously 
supposed.    Although  many  of  these  stock- 
ing adjustments  were  small,  the  change 
was  substantial  for  some  plots.    ITie 
stocking  estimate  for  one  plot  in  Wallowa 
County,  Oregon,  for  example,  was  in- 
creased from  15  percent  to  52  percent. 

Did  the  discount  factors  that  we 
developed   from    Hall's    data   fit   the 
limited    stocking   conditions    found    on 
Forest    Survey   field   plots?      To    test 
this,    we    selected    30    undisturbed    or 
lightly    cut   plots    in    Harney,     Grant, 
and   Baker    Counties — areas   which 
appeared    to   have    substantial    limita- 
tions   on    stocking.    On    each   plot,    we 
tallied   the    total   basal    area    in    trees, 
stumps,    and   recent   snags.    J£  our   tally 
represents    the    stocking   capacity   of  the 
area   sampled,    then   that    area   can 
support    an    average    of   96    square    feet 
of  basal    area   per    acre    at   the  current 
stage    of    stand    development.    An  esti- 
mate derived  from  a  normal    yield 
table  suggests  that  the  area  should 
support    186    square    feet    of   basal 
area — an    overestimate   of   94    percent. 
Our   estimate    based    on    discounted 
normal  yield  table  values  is   110  square 
feet  per  acre — still  an  overestimate, 
but  by  only   14  percent.      The  normal 
yield  tables  overestimated    stocking 
capacity    on   each    of   the    30  plots — in 
many   cases    by    a   wide     margin.      On 
the  seven  plots  with  the  most    severe 
limitations,    the  stocking  capacity  aver- 
aged only  19  square  feet  of  basal  area 
per  acre,    yet  the  normal  yield  table 
estimate  was  183  square  feet  per  acre. 
After  discounting  by  plant  community, 
the  yield  table  estimate  was  47  square 
feet — again  slightly    high   but   much 
more  reasonable. 


A  PROCEDURE  FOR  NORTHERN  CALIFORNIA 


The  procedure  used  in  eastern 
Oregon  to  identify  and  quantify  restric- 
tions on  stocking  capacity  is  applicable 
only  to  areas  where  ecologists  have 
developed  a  plant  community  classifica- 
tion scheme.    Such  studies  are  still 
regrettably  few.     For  other  areas,  some 
alternative  procedure  was  needed.      We 
undertook  to  develop  such  a  procedure 
for  Shasta  and  Trinity  Counties  in  northern 
California  where  Forest  Survey  fieldwork 
was  in  progress. 

There,  productivity  estimates 
proved  more  difficult  than  in  eastern 
Oregon.    The  area  is  a  complex  mosaic 
of  contrasting  vegetation,  geology,  and 
climate.     Plant  communities  in  Shasta 
and  Trinity  County  areas  are  as  yet 
unclassified.    Some  indications  of  pro- 
ductivity are  provided  by  the  Soil- 
Vegetation  Survey  (see  footnote  1).    Where 
available,  survey  maps  show  soil  char- 
acteristics, principal  tree  and  shrub 
species  present,  and  site  class.    Unfor- 
tunately for  our  purposes,  these  maps 
are  limited  in  coverage  and  lack  direct 
measure  of  limitations  on  tree  stocking 
capacity.    Although  there  is  probably  a 
strong  relationship  between  soil  charac- 
teristics and  timber  productivity,   we 
concluded  that  this  approach  was  too 
complex  for  our  Forest  Survey  field 
assistants. 

A  POSSIBLE  APPROACH 

Plant  indicators  still  seemed  our 
best  hope.    Griffin  (1967)  had  developed 
a  vegetative  drought  index  for  use  in  the 
vicinity  of  Redding,  California.    His 
technique  was  to  relate  soil  droughtiness 
to  the  presence  or  absence  of  172  indi- 
cator plants.    Since  tree  density  is  related 
to  soil  moisture,  we  reasoned  that  the 
plants  used  in  Griffin's  index  might  also 


be  useful  in  estimating  stocking  capacity. 
However,  rather  than  use  vegetative 
drought  index,  we  related  the  plant  species 
growing  on  a  site  directly  to  its  stocking 
capacity  as  measured  by  stand  density 
index — that  is,  the  trees  per  acre  that 
a  site  can  support  when  the  quadratic 
mean  diameter  is  10  inches. 

Our  analysis  rested  on  three 
assumptions.    First,  we  accepted  the 
premise  (Franz  1967)  that  undisturbed 
stands  tend  toward  equilibrium  and  that 
their  natural  basal  area  is  an  expression 
of  the  site's  productivity.    Accepting 
this,  we  were  able  to  reasonably  estimate 
stocking  capacity  on  relatively  undisturbed 
plots  by  tallying  the  trees  and  adding 
recent  stumps  and  snags.    Areas  with  an 
obvious  history  of  severe  fire  or  heavy 
cutting  were  not  sampled.    Second,  we 
assumed  that  plant  species  associated 
with  a  given  stocking  capacity  on  undis- 
turbed sites  are  likely  to  indicate  a 
similar  stocking  capacity  when  found  in 
heavily  disturbed  areas.    This  is  in 
accordance  with  Daubenmire  and  Dauben- 
mire's  (1968)  report  that  ground  vegeta- 
tion in  the  northern  Rocky  Mountains 
grew  independent  of  the  overstory,  and 
with  Dyrness'— /  observations  of  the 
persistence  of  most  plant  species  even 
after  clearcutting  and  burning.    However, 
we  took  the  advice  of  Waring  and  Major 
(1964)  and  Griffin  (1967)  and  restricted 
our  observations  to  plant  occurrence, 
ignoring  plant  coverage,  which  they  felt 
was  more  likely  to  be  influenced  by  dis- 
turbance.   Third,  we  assumed  that  stand 
density  index  (Reineke  1933)  was  a  reason- 
able measure  of  stocking  capacity  that 
would  enable  us  to  directly  compare 
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stands  at  different  stages  of  development. 
In  this  we  relied  on  the  experience  of 
others  (Curtis  1971)  who  have  found  stand 
density  index  to  have  a  wide  application. 

Stand  density  index — our  choice  as 
a  dependent  variable — is  the  number  of 
trees  per  acre  that  a  stand  could  be 
expected  to  have  if  it  retained  its  pres- 
ent stocking  (percent  of  normal  trees 
per  acre)  and  its  quadratic  mean  diam- 
eter was  10  inches.    The  relationship 
between  number  of  trees  per  acre 
and  mean  diameter,    illustrated  in 
figure  7,  can  be  described  mathematically 
as    /!/„  ^  a(D)     (Curtis  1970)  where  t] 

6 

is  the  expected  number  of  trees  in  a 
normal  stand,     D     is  the  quadratic  mean 
diameter  of  the  stand,  a   varies  with 
stand  density  index,  and  Z?  is  a  constant 
power  of   D .    For  these  study  data,    b 
approximated  -1.  6  for  true  fir  and 
mixed  conifer  stands  (as  in  figure  1), 
-1.  8  for  ponderosa  pine  stands  (from 
Meyer's  (1961)  basic  data),  and  -1.4  for 
hardwoods  (from  study  data  and  the  red 
alder  (Alnus  rubra)   yield  table 
(Worthington  et  al.   1960). 

DEVELOPING  A  MULTIPLE 
REGRESSION  EQUATION 

Our  sample  consisted  of  97  regular 
Forest  Survey  plots  well  distributed 
throughout  the  range  of  natural  condi- 
tions found  in  the  commercial  forest 
zone.      Although  plots  were,    as  much 
as  possible,    restricted  to  more  or 
less  homogeneous,    relatively  undisturbed 
stands,    some  reconstruction  from 
stump  counts  proved  necessary  because 
of  the  area's  long  history  of  logging, 
mining,    and  fires.      Each  location  was 
visited  once  during  the  growing  season 
in  order  to  measure  the  stand  density 
index,   measure  site  index  on  three 
or  more  dominant  trees,    and  identify 
all  recognizably  mature  plant  specimens 


on  Griffin's  list.      An  area  of  about 
an  acre  was  carefully  searched  to 
insure  that  all  plant  species  were 
found.      Slope,    aspect,    elevation,    and 
physiographic  class  were  also  re- 
corded.     The  only  plant  species  not 
recorded  were  those  occurring  on 
small  nonforest  inclusions  such  as 
rock  outcrops   and  roadbeds.      The 
area  of  such  inclusions  was  deducted 
from  the  plot  area  before  calculating 
stand  density  index. 

The  next  step  was  the  multiple 
regression    analysis.      Since    172    var- 
iables  were   far   too   many,    the  plant 
list   was    reduced   to   40    or    50    by 
hand    screening.      First,    the    list 
was    shortened   to    include    only    those 
plants   which   were   fairly   easy   to 
identify    throughout    the    growing 
season.    Then,    hand   plotting    was 
employed   to   eliminate   plants    that 
were    apparently   unrelated   to    stand 
density    index.      Finally,    plants    that 
seemed   to   grow   together   under 
similar    growing   conditions    were 
lumped   together    as  single    variables. 
The   plant    variables,    the    physio- 
graphic  features.    Dunning' s    site 
index  (1942),     and   various    squares 
and    interactions   were   entered   in  a 
stepwise    regression   program.    From 
this    analysis    we    developed   two 
equations    for    estimating    stand    den- 
sity   index    capacity:     One    that    in- 
cluded   Dunning' s    site    as    a   variable 
and   one    for   use    where    suitable 
site    trees    are    not    available.     The 
two    equations  follow.      Elevation    is 
recorded    to    the    nearest    100    feet 
and    site    index   to    the    nearest    foot. 
All    other    variables    have    a    value    of 
1  if  present    and    0    if    absent.      Plant 
combinations    are    considered   present 
if   any    of   the    species    in    the    com- 
bination  is   present. 
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Figure   7. — Stand  density  curves  for    true  firs  and 
mixed   conifer   stands. 
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1.  stand  density  index  =  -2  -47X^  -  84^"   +  62A:   +  99X  +  39^"^  +  92^^  +  64X 

+  33X, ,  +  61X^ ^  +  32X, ^  -  44X, ^  +  0.0719X, ^ 
11        12        13        14  16 

+  0.00045X,  _,  -  0.0000082A-^„ 
17  lo 

2.  Stand  density  index  =  230  -  105X   -  115X   +  54X   -  46X   +  50X   +  129^ 

J.        ^346        8 

+  60Xg  +  39X^Q  +  57X^^  +  50;^^2  +  ^^^13  "  ^8^14  "  ^^^15 

When:   X  =  Ceanothus   cuneatus    (buckbrush) ,  Cercocarpus   betuloides,    or 
Cercocarpus  ledifolius    (mountain  mahogany) 
X      =  Cercis   occidentalis    (California  redbud)  or  Ceanothus   lemmonii 

(lemmon  ceanothus) 
X     =  Quercus   garryana    (Oregon  white  oak) ,  Q.    garryana    var.  brewer! 

(Brewer  oak)  or  Q.    wislizenii    (interior  live  oak) 
X     =  Rhamnus   californica    ssp.  tomentella    (cof f eeberry)  or  Prunus 

subcordata    (sierra  plum) 
X     =  Abies   magnifica    (California  red  fir) 

X^    =  Abies   concolor    (white  fir) 
6 

A'  =  Pinus   lambertiana    (sugar  pine)  or  Pseudotsuga   menziesii 

(Douglas-fir) 
X     =  Castanopsis   sempervirens    (bush  chinquapin)  or  Prunus   emarginata 

(bitter  cherry) 
X     =  Rosa    gymnocarpa    (wood  rose) 

X     =  Quercus   kelloggii    (California  black  oak) 

X  =  Pyrola   picta    (white  vein  shinleaf ) ,  Trientalis   latifolia 

(star  flower),  or  Asarum   spp.  (wild  ginger) 
X     =  Chimaphila    umbellatum    (prince's  pine),  Pterospora   andromedea 

(pine  drops),  or  Smilacina    spp.  (false  Solomon's  seal) 
X     =   Pinus  ponderosa    (ponderosa  pine) 

X   =  Ceanothus  prostratus    (squawcarpet) 

X     =  Berberis  pumila    (dwarf  barberry) 

2 
X^^=    (elevation) 

^^  2 

X     =    (Dunning 's    site    index)       (elevation) 

2  2 

X     =    (Dunning 's    site    index)        (elevation) 
lo 

HOW  GOOD  ARE  THE  EQUATIONS  ? 

The  stepwise  multiple  regression  programs  used  to  develop  the  stand  density  index 
equations  also  provided  estimates  of  the  standard  error  of  estimate  for  each  equation 
and  the  variation  it  accounted  for  as  follows: 

2 

Equation  R  Standard  error  of  estimate 

(stand   density   index   points) 
With  Duiming's  Site  index  0.7,7  67 

Without  Dunning' s  site  index  0.72  70 
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Since  we  were  aware  that  stepwise 
regression  analysis  of  large  numbers  of 
empirically  chosen  variables  may  give 
underestimates  of  variance  and  inflated 
R^'s,  we  also  tested  the  equations  against 
70  plots  that  were  from  the  study  area  but 
not  used  in  constructing  the  equations. 
Although  many  of  these  plots  had  been 
heavily  logged,  we  were  able  to  recon- 
struct their  stand  density  index  capacity 
by  means  of  stump  counts.    This  gave  us 
a  measure  of  the  equations'  reliability  on 
disturbed  areas.    The  results  of  this  test, 
on  both  disturbed  and  undisturbed  sites, 
appear  in  table  1. 

As  expected,  the  equations,  particu- 
larly the  one  without  Dunning' s  site  index, 
appear  slightly  less  reliable  than  indicated 
by  the  stepwise  regression  analysis.    Equa- 
tion-based estimates  of  stand  density  index 
were  neither  significantly  higher  nor  lower 
than  field  measured  values.    The  small 
amounts  of  bias  that  show  on  table  1  are 
probably  a  result  of  sampling  accident. 


However,  standard  errors  of  estimate 
obtained  from  the  independent  test  were 
5  to  20  percent  larger  than  those  obtained 
during  the  regression  analysis.    Despite 
this  apparent  crudity,  the  equations  pre- 
dict stand  density  index  capacity  with  far 
greater  precision  than  is  possible  from 
normal  yield  tables.    When  the  stocking- 
capacity  of  the  test  plots  was  estimated 
from  these  tables,  the  standard  error  of 
estimate  was  127  stand  density  index 
points.    Furthermore,  the  yield  table 
estimates  averaged  58  points  higher  than 
field  measured  stand  density  indices. 

It  might  appear  likely  that  logging 
would  encourage  the  replacement  of  plants 
typical  of  a  moist  environment  by  plants 
adapted  to  a  hotter,  dryer  site.    If  so, 
the  equations  would  underestimate  the 
stocking  capacity  of  cutover  land.    We 
found  no  evidence  of  such  underestimation. 
Plants  that  were  present  before  logging 
seemed  generally  to  have  persisted  in 
spite  of  heavy  disturbance — possibly 


Table   1. --Reliability  and  bias  of  stand  density   equations  for  cut  and  uncut  stands 


Type  of  disturbance 


Number 

of 
plots 


1/ 


With  Dunning 's   site- 


Standard   error 
of   estimate 


Bias' 


2/ 


Without  Dunning 's  site 


Standard  error 
of  estimate 


Bias— 


Undisturbed  stands 

24 

72 

Logged  within 

10  years 

21 

75 

Logged  more  than 

10  years  ago 

25 

65 

Stand  density  index  points- 
15  86 


73 

102 


0 
27 


Total 


70 


70 


88 
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-  Dunning  (1942) . 

2/ 

—  Average  amount  by  which  equation  estimates  exceeded  or  fell  short  of  field  measured 

stand  density  index. 
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because  some  undisturbed  microsites 
usually  remain.    Although  we  were  not 
able  to  test  the  performance  of  the 
equations  in  brushfields  on  old  bums, 
we  suspect  that  they  may  be  less  reliable 
for  such  areas.    Areas  that  have  been 
recently  clearcut  and  broadcast- burned 
may  be  lacking  plant  indicators,   although 
Dyrness  (see  footnote  6)  found  that  slash 
fires  did  not  destroy  all  vegetation — small 
unburned  islands  often  retained  their 
original  cover. 

DEVELOPING  PLOT 
DISCOUNT  FACTORS 

Although  the  stand  density  index 
equation  was  developed  from  undisturbed 
stands,  its  usefulness  is  in  predicting 
stocking  capacity  (expressed  as  stand 
density  index)  on  all  stands  including 
those  that  have  been  heavily  disturbed. 
For  each  stand,  the  stand  density  index 
capacity  is  estimated  from  the  equation 
and  compared  to  the  appropriate  "normal" 
stand  density  index  (from  a  normal  yield 
table).     If  the  stand  density  index  capacity 
is  significantly  below  "normal,"  then 
productivity  estimates  and  stocking  stand- 
ards based  on  normal  yield  tables  are 
too  high  and  should  be  discounted.      The 
appropriate  discount  factor  is  the  equa- 
tion stand  density  index  divided  by  the 
"normal"  density  index. 

Normal  yield  table  stocking  is  the 
average  of  the  range  of  stocking  condi- 
tions sampled  by  the  builder  of  the  table. 
Individual  normal  stands  may  exhibit 
stocking  capacities  that  are  somewhat 
less  or  greater  than  these  tabular  values. 
Such  stands  do  not  have  a  limited  stock- 
ing capacity  as  defined  in  this  paper  and 
were  not  discounted.    Since  data  on  the 
range  of  stocking  conditions  sampled  for 
normal  yield  tables  are  scanty,  we  more 
or  less  arbitrarily  assumed  that  plots 
with  a  stand  density  index  capacity  of  80 


percent  or  more  of  normal  fell  within 
this  range.     Plots  with  a  lesser  predicted 
stand  density  index  capacity  were  appro- 
priately discounted. 

RESULTS  IN  SHASTA  AND 
TRINITY  COUNTIES 

Productivity  was  estimated  on  each 
of  315  commercial  forest  plots  in  Shasta 
and  Trinity  Counties  from  appropriate 
normal  yield  tables.    Wliere  the  predicted 
stand  density  index  capacity  was  less 
than  80  percent  of  "normal, "  the  esti- 
mate was  appropriately  discounted. 
Stocking  was  estimated  by  comparing  the 
basal  area  found  on  each  plot  with  a 
standard  based  on  the  appropriate  normal 
yield  table  but  again  discounted  where 
the  equation  indicated  that  stocking  capac- 
ity was  limited.    Both  productivity  esti- 
mates and  stocking  standards  were 
further  discounted  for  small  nonforest 
inclusions,  when  these  occurred  on  the 
plot. 

Study  results  indicate  that  41 
percent  of  the  commercial  forest  land 
in  the  Shasta  and  Trinity  inventory  units 
(excluding  National  Forest)  has  a  limited 
stocking  capacity.    Stocking  estimates 
on  these  lands  were  adjusted  upward  to 
account  for  the  limited  stocking  potential, 
and  productivity  estimates  were  revised 
downward.     The  productivity  discounts 
reduced  our  estimates  of  total  productive 
capacity  by  12  percent,  and  of  commer- 
cial forest  land  area  by  1  percent  (fig.  8). 

DEVELOPING  PLOT  DISCOUNT 
FACTORS  FOR  THREE  OTHER 
GEOGRAPHIC  UNITS 

Since  completing  the  study  unit, 
Forest  Survey  has  developed  equations 
for  calculating  stand  density  index  capac- 
ity in  three  other  areas  in  California. 
>The  procedure  used  was  similar  to  that 
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Figure   8. — Natural   sparse  stand  of  Jeffrey  pine 
near  Weaverville,    California.      This   is  a 
serpentine  area   with  a   site  index  of  95. 
Although   the  stand  has  only  about   28  percent 
of   "normal"  basal   area,    low  growth  rates 
indicate   that    the  stocking  level    is  at  or 
near  capacity. 


Figure   9. — A  low  density   stand  of  Jeffrey  pio 
near  Aden,   California .        Scattered  standsl 
such  as   this  are  common  on   the     Modoc 
plateau   in  northeastern  California .      Ther 
is  no  evidence   that   they  have  ever  suppoi 
"normal"   stocking  levels. 


used  for  the  study  except  that  the  data 
were  gathered  from  special  temporary 
plots  instead  of  the  regular  inventory 
field  plots  (fig.  9).    Since  lists  of  indica- 
tor species  like  that  developed  by  Griffin 
(1967)  did  not  exist  for  these  areas,  we 
recorded  all  the  vascular  plant  species 
that  were  present  and  identifiable  on  each 
plot  at  the  time  of  our  visit.    Since  we 
were  able  to  visit  each  plot  only  once, 
species  that  were  not  generally  identi- 
fiable throughout  the  growing  season  were 
subsequently  dropped  from  our  list  of 
potential  indicators.    Development  of 
equations  for  the  three  areas  prior  to 
regular  fieldwork  made  plant  identifica- 
tion much  easier  for  Forest  Survey  field 
crews,  since  they  needed  to  identify  only 
the  relatively  few  plants  appearing  in  the 
final  equation--a  much  easier  task  than 
identifying  the  172  plants  required  for 
Shasta  and  Trinity  Counties. 


Estimates  of  the  reliability  of  the 
three  equations  appear  in  table  2.    In 
addition,  independent  tests  of  reliability 
were  made  in  the  central  Sierra  and  in 
the  Modoc  plateau-northeast  Sierra  units. 
The  standard  error  of  estimate  was  88 
stand  density  index  points  for  the  central 
Sierra  test  and  113  points  for  the  Modoc 
unit  when  site  index  was  one  of  the  inde- 
pendent variables  in  the  equation.    When 
site  index  was  deleted,  results  were  sub- 
stantially poorer.     Although  the  Modoc 
test  results  were  somewhat  disappointing, 
the  equation  was  still  a  much  better  pre- 
dictor of  stocking  capacity  than  was  the 
normal  yield  table.    Still,  we  were  dissatis- 
fied with  the  result.    We  suspect  that  the 
equations  would  have  proved  more  reliable 
if  we  had  separated  the  area  into  two  or 
more  nearly  homogeneous  units.    Anyway, 
it  points  up  the  advisability  of  making  an 
independent  test  of  each  equation  before 
putting  it  to  use. 
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Table  2. — Standard  error  of  estimate  and   variation  accounted  for  by   stand  density 
index  equations  developed   for  northern  California 


Unit  and  county 


Dunning 's—  site 
included 


Standard  error 
of  estimate 


Dunning 's  site 
deleted 


Standard  error 
of  estimate 


West  Sacramento 
(Tehama,  Colusa, 
Glenn,  and  Lake) 

Modoc  Plateau  -  Northeast  Sierra 
(Modoc  and  eastern  portions 
of  Lassen,  Plumas,  Sierra, 
Nevada,  Placer,  and  El  Dorado) 

Central  Sierra 

(Yuba  and  western  portions 
of  Sierra,  Nevada,  Placer, 
and  El  Dorado) 

Shasta  and  Trinity 


0.72 


.69 


,72 


.77 


75 


91 


106 


67 


0.70 


,66 


.71 


,72 


78 


94 


106 


70 


—  Dunning  (194  2)  . 


CONCLUSIONS 


During  the  course  of  this  study, 
field  crews  visited  535  plots  spread  over 
eight  counties  in  eastern  Oregon  and  two 
counties  in  northern  California,   all 
capable  of  producing  at  least  20  cubic 
feet  per  acre  per  year  according  to  the 
normal  yield  tables.    After  field  exami- 
nation, we  concluded  that  255  of  these 
plots  were  incapable  of  carrying  normal 
yield  table  levels  of  stocking.    In  other 
words,  normal  yield  table  based  esti- 
mates of  productivity  were  too  high  and 
similar  stocking  estimates  were  too  low 
on  almost  half  of  the  study  area.    Clearly, 
a  forest  manager  with  funds  to  invest  in 
silvicultural   treatment  needs   better 
information  if  he  is  to  spend  his 
money  wisely. 


Long-range  studies  may,  someday, 
result  in  yield  tables  that  are  stratified 
by  plant  community.     Development  of  such 
yield  tables  over  large  areas  would  re- 
quire a  massive  effort,  since  they  would, 
of  necessity,  be  quite  local  in  nature. 
Because  such  a  massive  effort  is  not 
likely  to  be  undertaken  soon,  cruder 
approximations  of  yield  will  have  to  suf- 
fice.   The  method  tested  in  eastern 
Oregon — developing  yield  table  discount 
factors  for  plant  communities — is  rela- 
tively simple  to  apply  and  yields  much 
more  realistic  estimates  of  productivity 
on  problem  areas  than  does  the  undis- 
counted  normal  yield  table.    Unfortunately, 
its  use  depends  upon  the  existence  of 
,an  ecological  study  of  the  plant  communities 
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in  the  area  to  be  inventoried.    Although 
such  studies  are  still  comparatively  few 
in  number,  their  potential  usefulness  ex- 
tends well  beyond  the  scope  of  this  study. 

Even  where  long  range  studies  are 
lacking,  continued  use  of  undiscounted 
normal  yield  table  values  to  estimate  the 
productivity  and  stocking  level  of  stands 


with  limited  stocking  capacity  seems 
unacceptable.     For  areas  where  plant 
community  information  is  not  available, 
the  regression  approach  developed  in 
northern  California  is  an  alternative. 
Although  admittedly  crude,  we  believe 
it  will  yield  a  substantially  closer  approxi- 
mation of  true  productivity  than  the  use 
of  an  undiscounted  normal  yield  table. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIiVIENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1 .  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

A  sample  of  ZOO  trees  was  selected  to  represent  the  full 
range  in  size  and  quality  of  aormevoial  sautimber  available 
in  northern  Idaho.     A  net   log  saale  of  167,900  board  feet 
(Sarihner)  was  sawn  from  1,431    logs  in  a  typical  white  pine 
mill,   producing  212,703  board  feet  of  lumber. 

Lumber  yields  for  each   lumber  grade  are  presented  by   log 
grade  and  diameter  class.     The  study  showed  a  recovery  of  17 
percent  molding  and  selects;    5  percent  No.    3  clear.    No.    1  and 
2  shop;   and   78  percent  commons. 

Keywords:     Log  yield,   western  white  pine,    lumber, 
forest  industries. 
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INTRODUCTION 

The  United  States  contains  an  estimated  21  billion  board  feet  of  western  white 
pine  sawtimber.i'     Although  western  white  pine  ranges  through  the  States  of  Idaho, 
Montana,   Washington,  Oregon,  and  California,   about  two-thirds  of  the  board-foot 
volume  is  found  in  the  area  known  as  the  "Inland  Empire.   —'    Approximately  93 
percent  of  the  western  white  pine  lumber  produced  in  the  United  States  in  1970  was 
manufactured  in  this  area.—/    For  the  years  1970-71,  stumpage  values  for  western 
white  pine  substantially  exceeded  the  stumpage  values  of  all  other  species  in  the 
Inland  Empire,  i./ 

Since  it  is  the  most  valuable  species  in  this  area,  accurate  valuation  of  this 
timber  resource  is  important.  Updated  lumber  recovery  information  for  western 
white  pine  sawtimber  is  needed  for  better  utilization  and  evaluation  of  the  resource. 

The  lack  of  recent  recovery  information  for  evaluating  western  white  pine 
sawtimber  prompted  a  cooperative  study  between  the  Pacific  Northwest  Forest  and 
Range  Experiment  Station,  the  Northern  Region  (Region  1)  of  the  National  Forest 
System,  and  the  Idaho  Forest  Products  Company.     The  purpose  of  the  study  was 
twofold — first,  to  obtain  recovery  information  for  appraisal  purposes  and,  second, 
to  provide  information  with  which  to  improve  or  develop  log  or  tree  grading  systems. 

The  specific  purpose  of  this  report  is  to  present  information  on  the  type  and 
volume  of  lumber  that  was  produced  under  current  industry  manufacturing  practices 
from  a  sample  of  the  various  grades  and  sizes  of  western  white  pine  logs  available 
to  sawmills  in  northern  Idaho.     This  information  is  most  useful  to  timber  appraisers, 
buyers,  and  processors,  forest  land  managers,  and  forest  inventory  personnel. 


—  Information  from  most  recent  inventories  of  Forest  Survey  at  the  Pacific  Northwest 
Forest  and  Range  Experiment  Station  and  the  Intermountain  Forest  and  Range  Experiment 
Station. 

— /    Inland  Empire  is  northern  Idaho,  west  slopes  of  the  Rocky  Mountains  in  Montana, 
and  eastern  Washington  and  Oregon. 

y   Western  Wood  Products  Association  1970  Statistical  Yearbook.     WWPA  Stat.  Dep. , 
28  p.,    1971. 

—  David  R.   Darr.     Production,  prices,  employment,   and  trade  in  Northwest  forest 
industries,  fourth  quarter     1971.     USDA  Forest  Serv.   Pac.   Northwest  Forest  &  Range  Exp. 
Stn. ,  55  p.,   1972. 


STUDY  PROCEDURES 
Timber  Sample 

A  sample  of  300  trees  was  selected  to  represent  the  full  range  in  size  and 
quality  of  commercial  sawtimber  available  in  northern  Idaho.    However,  two  trees 
were  not  delivered  to  the  mill;  thus,  this  report  is  based  on  the  remaining  298 
sample  trees.    The  trees  were  obtained  from  eight  sample  areas,  shown  in  figure  1, 
on  the  Kaniksu,  St.  Joe,  and  Coeur  d'Alene  National  Forests.    The  eight  sample 
areas  were  chosen  to  represent  differences  in  tree  size,   stem  quality,   and  site 
characteristics.     Within  each  sample  area,  individual  trees  were  selected  on  the 
basis  of  d.b.h.  to  fulfill  overall  sample  objectives.    The  total  sample  was  not 
intended  to  be  representative  of  the  normal  mix  for  any  particular  mill  or  specified 
time.    Averages  for  some  characteristics  of  the  sample  trees  by  area  are  shown 
in  table  1. 


Figure   1. — Range  of  western   white  pine   in    the    "Inland   Empire"   and  general 
location  of   the   eight   areas   from  which   study    trees   were   cut. 


Table  1. --Averages  for  some  characteristics  of  study  trees  by  sample  areas 


Characteristic 

Sample 

area 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

D.b.h.   range  (inches) 
Average  d.b.h.    (inches) 

9.9-33.1 

14.4 

11.0-29.6 
23.5 

10.4-45.0 
20.9 

10.9-21.9 
17.1 

9.1-22.3 
13.3 

26.5-54.0 
38.4 

10.5-34.1 
21.9 

9.3-24.3 
15.2 

9.1-54-0 
19.2 

Tree  height  range  (feet) 
Average  tree  height  (feet) 

60-125 
94 

83-173 
142 

71-200 
126 

80-144 
114 

81-125 
102 

144-215 
184 

71-179 
142 

84-137 
109 

60-215 
120 

Defect  range  (percent) 
Average  defect  (percent) 

0-66 
9.2 

0-51 
10.9 

0-91 
18.6 

0-19 
7,8 

0-29 
4.0 

10-98 
40.5 

0-55 
13.8 

0-39 
4.4 

0-98 
12.8 

Age  range  (years) 
Average  age  (years) 

49-134 
74 

107-211 
176 

60-170 
93 

58-111 
84 

53-88 
66 

237-336 
299 

123-290 
213 

58-77 
66 

49-336 
117 

Number  of  trees 

70 

25 

54 

20 

40 

26 

27 

36 

298 

LOGGING,   IDENTIFICATION,  AND  DIAGRAMING 

The  study  trees  were  felled  and  bucked  into  saw  logs  by  cooperating  logging 
contractors  according  to  normal  industry  practice.     Each  log  was  tagged  in  the 
woods  to  identify  its  origin  with  respect  to  tree  and  position  in  the  tree. 

The  visible  surface  characteristics  of  each  log  were  examined  and  recorded 
immediately  after  the  trees  were  felled.     Hence,  the  relationship  of  the  external 
characteristics  of  a  log  to  its  lumber  grades  and  yield  could  be  analyzed  to  refine 
or  develop  log  or  tree  grades.     This  record  was  also  used  to  determine  the  grade^^ 
of  the  logs  presented  in  this  report. 

TRANSPORTATION  AND  SCALING 

The  study  logs  were  ti-ucked  to  the  cooperating  mill  for  scaling  and  storage 
before  sawing.     The  woods-length  logs  were  scaled  in  the  yard  by  the  Western 
Wood  Products  Association  and  the  U.  S.   Forest  Service  in  accordance  with  the 
National  Forest  Service  Log  Scaling  Handbook  as  of  1968.    The  logs  were  bucked 
in  the  yard  and  rescaled  as  mill-length  logs  according  to  the  above  rules.     In  this 
report,  all  log  volumes  are  based  on  this  scale. 

The  298  sample  trees  produced  1,402  merchantable  logs.     The  distribution 
of  these  logs  plus  the  29  cull  logs  by  scaling  diameter,  length,   and  log  grade  is 
shown  in  tables  2  and  3. 

Lumber  Manufacturing 

Sawing,  drying,  and  surfacing  practices  of  the  mill  were  representative  of 
general  industry  practice  in  that  area.     Log  identity  was  maintained  on  each  piece 
of  lumber  through  the  manufacturing  process  to  the  final  point  of  grade  and  tally. 


5/ 

-      Forest  Survey  Grades  -  U.S.   Forest  Service  Form  Rl-2420-3. 


Table  2    -Distribution  of  study  logs  by  scaling  dianneter  and  log  grade 


Log  diameter 

Log  grade 

(inches) 

1 

2 

3 

4 

9 

All    grades 

-    -    -    Nujnb 

er  of  logs  . 
0 

4 

0 

0 

1 

0 

1 

5 

0 

0 

4 

1 

0 

5 

6 

0 

0 

26 

14 

0 

40 

7 

0 

0 

60 

55 

0 

115 

8 

0 

1 

46 

80 

0 

127 

9 

0 

0 

29 

113 

0 

142 

10 

0 

1 

30 

108 

0 

139 

11 

0 

3 

12 

104 

0 

119 

12 

0 

3 

10 

96 

1 

110 

13 

0 

2 

6 

85 

1 

94 

14 

0 

2 

4 

77 

0 

83 

15 

0 

1 

2 

65 

0 

68 

16 

0 

2 

1 

47 

1 

51 

17 

0 

1 

0 

49 

3 

53 

18 

0 

1 

0 

31 

2 

34 

19 

0 

5 

1 

26 

3 

35 

20 

0 

4 

2 

23 

2 

31 

21 

1 

5 

0 

24 

1 

31 

22 

0 

2 

0 

16 

2 

20 

23 

1 

4 

0 

9 

1 

15 

24 

0 

2 

0 

11 

1 

14 

25 

0 

5 

1 

11 

0 

17 

26 

0 

1 

1 

7 

2 

n 

27 

0 

4 

0 

4 

1 

9 

28 

1 

4 

0 

6 

1 

12 

29 

1 

4 

0 

3 

2 

10 

30 

0 

2 

0 

2 

2 

6 

31 

0 

7 

0 

2 

1 

10 

32 

0 

4 

0 

1 

0 

5 

33 

0 

2 

0 

5 

0 

7 

34 

0 

2 

0 

0 

1 

3 

35 

0 

2 

0 

2 

0 

4 

36 

0 

3 

1 

1 

1 

6 

37 

0 

0 

0 

0 

0 

0 

38 

0 

0 

0 

1 

0 

1 

39 

1 

1 

0 

0 

0 

2 

40 

0 

0 

0 

0 

0 

0 

41 

0 

1 

0 

0 

0 

1 

42 

0 

0 

0 

0 

0 

0 

Total 

5 

81 

237 

1,079 

29 

1,431 

Table  3. -The  distribution  of  study  logs  by  length  and  grade 


Length 

Log 

grade 

(feet) 

1 

2 

3 

4 

9 

All    grades 

-   -   -    [dumber 

of  logs  - 

8 

0 

0 

8 

10 

0 

18 

10 

0 

0 

18 

24 

1 

43 

12 

0 

5 

43 

121 

2 

171 

14 

1 

2 

10 

53 

2 

77 

16 

4 

72 

142 

831 

23 

1,072 

18 

0 

2 

7 

27 

0 

36 

20 

0 

0 

1 

13 

0 

14 

Total 

5 

81 

237 

1,079 

29 

1,431 

SAWING 

The  study  logs  were  sawn  under  normal  production  conditions  with  the  objec- 
tive of  obtaining  the  highest  value  from  each  log.     Logs  up  to  and  including  20  feet 
in  length  were  sawn.     Lumber  on  the  green  chain  did  not  exceed  16  feet  because 
longer  items  were  cut  into  two  pieces.     Shop  items  were  sawn  to  5/4-inch  thickness 
and  all  other  items  to  4/4-inch. 

Production  equipment  in  the  sawmill  included  a  double-arbor  edger  and  a 
24-foot  gang  trimmer.    A  vertical  band  resaw  located  outside  the  mill  was  used  to 
convert  8/4- inch-thick  stock  into  1-inch  boards. 

DRYING  AND  SURFACING 

After  the  logs  were  sawn,  all  study  lumber  was  kiln  dried  and  surfaced 
according  to  general  industry  practices. 

LUMBER  GRADING  AND  TALLYING 

A  Western  Wood  Products  Association  grading  inspector  either  graded  or 
supervised  the  grading  of  study  lumber  on  the  planer  chain.    All  study  lumber  was 
graded  under  the  Western  Wood  Products  Association,   "Rules  for  Grading  Western 
Lumber,  July  1,   1968.  " 

Each  lumber  item  produced  was  placed  in  one  of  the  following  grades: 

B  and  Better  (Supreme)  No.  2  Shop 

C  Select    (Choice)  No.  1  Common  (Colonial) 

D  Select    (Quality)  No.  2  Common  (Sterling) 

Molding  No.  3  Common  (Standard) 

No.  3  Clear  No.  4  Common  (Utility) 

No.  1  Shop  No.  5  Common  (&idustrial) 


Each  piece  of  lumber  was  tallied  by  its  shipping  dimensions  and  grade  and 
by  log  number. 

CUBIC  VOLUME:    LOGS,   CHIPS,  AND  SAWDUST 

In  addition  to  lumber  grade  and  board-foot  volume  data  collected,  the  cubic 
volume  of  logs,  lumber,  residues,  and  sawdust  was  calculated  for  all  study  logs. 

The  gross  cubic-foot  log  volume  was  computed  by  the  following  formula: 

nL    (D'^  +  D  D     +  D^) 
y  _  s  s  e         e 


4   X   3  X   144 
where  V   =  Gross  cubic-foot  log  volume 

D  =  Diameter  in  inches  of  small  end  of  log 
Dg  =  Diameter  in  inches  of  large  end  of  log 
L    =  Log  length  in  feet 


The  lumber  cubic  volumes,  shown  In  tables  5-10  of  the  appendix,  are  based 
on  actual  dimensions  of  the  surfaced  dry  lumber  taken  from  the  planer  settings  at 
the  time  of  the  study. 

The  sawdust  cubic  volumes,  also  shown  in  tables  5-10  of  the  appendix,  were 
calculated  by  using  an  average  saw  kerf  of  0.  25  inch  and  the  computed  surface  area 
of  the  rough  green  lumber  from  each  log. 

The  combined  volumetric  shrinkage  plus  the  cubic  volume  of  planer  shavings 
was  calculated  by  subtracting  the  cubic  volume  of  surfaced  dry  lumber  from  the 
cubic  volume  of  rough  green  lumber. 

The  residue  volume  was  calculated  by  subtracting  the  lumber,  sawdust, 
volumetric  shrinkage,  and  planer  shaving  volumes  from  the  gross  cubic  log  volume. 
It  includes  a  small  amount  of  sawdust  produced  from  the  production  of  slabs,  edging, 
and  trim  ends. 

RESULTS 

The  1,402  merchantable  logs  produced  203,053  board  feet  of  lumber.     The 
average  weighted  recovery  of  merchantable  logs  was  122  percent.    A  significant 
linear  relationship  was  found  between  percent  recovery  and  diameter  (see  fig.  2). 
As  expected,  percent  recovery  decreased  with  an  increase  in  diameter. 
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Figure    2 .--Percent   recovery  of  all   merchantable  logs   over   log   scaling  diameter 


Detailed  lumber  yield,  chippable  residue,   and  sawdust  volume  information 
according  to  log  size  and  log  grade  are  shown  in  the  appendix  (tables  4  through  22). 
Lumber  volume  from  the  study  is  summarized  by  thickness,  width,   and  grade  in 
table  4.     Eighty-five  percent  of  the  lumber  volume  produced  was  in  1-inch  boards, 
and  5/4- inch  shop  items  accounted  for  the  remainder  of  the  lumber  production. 
The  average  lumber  grade  yield  for  each  log  grade  is  shown  in  figure  3. 

The  log  scale,  lumber  tally,  and  cubic  volumes  obtained  for  each  log  are 
summarized  by  scaling  diameter  and  log  grade  in  tables  5  through  10. 

The  lumber  grade  yields,  by  scaling  diameter  and  log  grade,  are  shown  in 
tables  11  through  16.     Tables  17  through  22  show  lumber  grade  recovery  as  a  per- 
centage of  lumber  tally  volume  by  1-inch  diameter  class  and  log  grade.     Curves 
of  that  lumber  grade  recovery  are  shown  in  figures  4,  5,  and  6.    Because  of 
insufficient  data  at  the  extremes,  the  curves  were  not  extended  through  the  entire 
diameter  range  of  the  logs. 


100 
90 
80 
70 
60 

2 
m 

^      50 

LU 
Q. 

40 
30 
20 
10 


I 


D 


SELECTS 


^ 


fTTTJ  SHOP,  MOLDING, 
AND   3   CLEAR 


^  COMMONS 


12  3  4 

LOG  GRADES 

Figure    3. — Lumber   grade   yield   expressed  as  a   percent   of 
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Figure   4 .--Lumber  recovery   expressed   as  a   percent   of  lumber    tally 
volume  over   diameter--log  grade   2. 
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APPENDIX 


TABLES  OF  LUMBER  RECOVERY  DATA  BY  DIAMETER  AND  LOG  GRADE 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Norttiwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  -  as  directed  by  Congress  -  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


1973 
USDA  Forest  Service  Research  Paper  PNW-154 


jitcovcru 
from      ^ 

w 


i^ 


-^. 


faufKLmc 
Jofinl/lfMnfcy 
jtidmi  O.lmdfikJr: 
yiaHmE.ffanIi/ 


Pacific  Northwest  Forest  and  Range  Experiment  Station 
U.S.  Department  of  Agriculture  Forest  Service 

Portland  nrpiinn 


ABSTRACT 

Lumber'  grade  yields  and  reaovery  ratios  obtained  for  old-growth 
Douglas-fir  logs  are  presented  for  two   log  scaling  and  grading 
practices.     The   logs  were  bucked  from  trees  selected  from  commer- 
cial sawtimber  stands  throughout  the  west-side  Douglas -fir  region. 
The   lumber  yield  information  is  presented  for  2,980  woods -length 
logs  scaled  by  Forest  Service  west-side   log  scaling  rules.     The 
lumber  yield  information  is  also  presented  for  4,974  sawn-length 
logs  essentially  scaled  by  Forest  Service  east-side   log  scaling  rules. 

KEYWORDS:     Douglas -fir,    lumber,   forest  industries. 
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INTRODUCTION 

Douglas-fir  sawtimber  found  west  of 
the  Cascade  Range  in  Washington  and  Oregon 
and  west  of  the  Sierras  in  northern  Califor- 
nia constitutes  one  of  the  most  important 
raw  material  resources  in  the  United 
States.  I-"' 

The  volume  of  commercial    Coast 
Douglas-fir  sawtimber  is  estimated  to  be 
in  excess  of  394  billion  board  feet.    About 
10  billion  board  feet  of    Coast  Douglas- 
fir  is  harvested  annually.     This  is  about 
55  percent  of  the  total  softwood  lumber 
production  in  the  United  States. 

There  is  an  urgent  need  for  better 
methods  of  appraising  the  quality  of  this 
important  timber  resource.     Estimates  of 
the  recovery  that  can  be  obtained  from 
Coast   Douglas-fir   sawtimber    are 
needed  by  forest  land  managers,  timber 
buyers,   and  timber  processors  for  efficient 
utilization  of  the  resource  for  lumber, 
veneer,  pulp,  or  other  products. 

The  Pacific  Northwest  Forest  and 
Range  Experiment  Station  with  the  help  of 
other  public  agencies  and  the  forest  prod- 
ucts industry  has  made  an  extensive  study 
of    Coast    Douglas-fir.      The    study   ob- 
tained yields  of  lumber  and  veneer  from 
more  than  1,000  Douglas-fir  trees  selected 
from  typical  commercial  sawtimber  stands 
throughout  the  Coast  Douglas-fir  region. 

This  report  presents  the  lumber  yield 
information  obtained  from  the  old-growth 
portion  of  the  timber  sample,   according  to 
current  log  grading  and  scaling  practices. 
The  distinction  between  old  growth  and 
young  growth  was  arbitrarily  set  at  100 
years.    The  report  provides  forest  managers, 
buyers,     and   timber   processors    with 


lumber  recovery  information  by  log  size 
and  log  grade  that  is  considered  to  be 
representative  of   Coast  Douglas-fir 
and  useful  in  appraising,  harvesting,  and 
processing  such  timber. 

This  report  is  one  of  several  from 
the  study.     The  veneer  recovery  informa- 
tion is  being  prepared  for  a  comparable 

2  / 
report.    A  separate  report^-'^  describes 

new  and  improved  log  grades  developed  by 

studying  the  quality  characteristics  and 

yields  of  the  sample  trees. 

STUDY  PROCEDURES 

SAMPLING 

The  study  trees  were  selected  from 
approximately  100  sample  areas  in  Cali- 
fornia, Oregon,   and  Washington  and  proc- 
essed at  10  sawmills  and  10  veneer  plants 
as  shown  in  figure  1.     Trees  were  selected 
with  the  objective  of  obtaining  a  representa- 
tive sample  of  tree  size  and  quality  in 
Coast    Douglas-fir    commercial    saw- 
timber.    Tree  size,  stem  quality,  and 
site  index  were  the  principal  stratifica- 
tions used  in  selecting  sample  trees. 
Emphasis  was  given  to  obtaining  repre- 
sentative trees  in  the  stratifications. 
The  areas  were  located  to  provide  the 
desired  stratifications  in  size  and  site 
and  to  sample,   insofar  as  possible,  the 
main  environmental  factors  of  forest 
type,  stand  density,  elevation,   aspect, 
and  soil  tj^De.     Within  each  sample  area, 
individual  trees  were  selected  on  the 
basis  of  size  and  stem  quality.     Stand  age 
was  determined  from  ring  counts  of  the 
stumps.     Trees  selected  from  j'oung-growth 
stands  (less  than  100  years  old)  are  not 
included  in  this  report. 


V  Botanically  considered  to  be  the  coast  variety 
of  Douglas-fir,  Pseudotsuga  menziesii   (Mirb. )  Franco 
var.  menziesii. 


£'  Paul  II.   Lane,  Richard  O.   Woodfin,  Jr. ,  John 
W.   Henley,  and  Marlin  E.   Plank.    New  timber  cruising 
grades  for  Coast  Douglas-fir.     USDA  For.  Serv,  Res. 
fap.  PNW-151,    12  p. ,   illus.     Pac.  Northwest  For.   & 
Range  Exp.  Stn. ,  Portland,  Oreg.   1973. 


Figure   1. — Location  of  the   timber 
sample  areas    (  •  )    and  study  saw- 
mills   (O  )  . 


The  total  sample  was  not  intended 
to  be  necessarily  representative  of  a 
typical  log  mix  for  any  particular  sawmill 
or  veneer  mill.    The  objective  was  to   ob- 
tain lumber  and  veneer  recovery  informa- 
tion from  log  size  and  grade  categories  so 
that  the  recovery  information  would  be 
applicable  to  any  log  mix  stratified  by 
size  and  grade. 

Approximately  two-thirds  of  the 
trees  selected  in  each  sample  area  were 
designated  for  lumber  processing.      The 


remainder  were  peeled  to  obtain  veneer 
recovery  information. 

The  study  trees  were  felled  and 
bucked  into  saw  logs  according  to  the 
normal  practice  of  each  study  mill.    Each 
log  was  numbered  in  the  woods  to  identify 
its  origin  with  respect  to  sample  area, 
tree,  and  position  in  the  tree.    The  logs 
from  each  area  were  then  hauled  to  the 
mill  for  scaling  and  grading  prior  to 
sawing. 

LOG  DIAGRAMING, 
SCALING,  AND  GRADING 

The  visible  surface  and  end  charac- 
teristics of  each  log  were  recorded  so 
that  the  relationship  of  a  log's  external 
characteristics  to  its  lumber  grade  yield 
could  be  studied  in  detail  for  purposes 
of  log  and  tree  grade  development.    This 
record  also  allowed  the  logs  to  be  care- 
fully graded  after  they  were  bucked  and 
barked  for  sawing. 

Study  logs  were  graded  and  scaled 
in  accordance  with  practices  in  use  in 
the    Coast   Douglas-fir    region.      The 
logs  were  scaled  and  graded  in  the  lengths 
they  were  delivered  from  the  woods 
according  to  the  Forest  Service  instruc- 
tions for  west-side  log  scaling   and  grad- 
ing.—'    A  summary  of  the  log  grading 
specifications  is  in  Appendix  I.      The 
specifications  are  a  modified  version  of 
Bureau  rules.—'     The  modification  is  for 
use  in  cruising  standing  trees  where  log 
and  defects  are  not  considered  in  deter- 
mining grade.    The  scale  was  essentially 
determined  by  Bureau  rules. 


— '  U.  S.  Forest  Service  R-6  Supplement  to  National 
Forest  Log  Scaling  Handbook  for  West-Side  Log  Scaling. 
October  1965.  U.S.  Forest  Service  Log  Grade  Descrip- 
tion for  Douglas-fir.     Form  R-6  2440- 19D  (March  1965). 

— '  Rules  used  by  the  Columbia  River,  F>uget  Sound , 
Grays  Harbor,  Southern  Oregon,  and  Northern  California 
Log  Scaling  and  Grading  Bureaus,  depending  upon  location. 


The  logs  were  rescaled  after  they 
were  bucked  for  sawing,  normally  as  they 
entered  the  sawmill,  according  to  Bureau 
of  Land  Management  rules.—/    These  scal- 
ing rules  follow  National  Forest  Log  Scaling 
Handbook  rules,  except  for  scale  deduction 
procedures.    In  this  scale,  logs  up  to   20 
feet  in  length  are  scaled  as  one  segment. 
The  woods- length  logs  up  to  40  feet  in 
length  were  scaled  as  one  segment.    The 
woods-length  and  sawn-length  scaling  prac- 
tices also  differ  in  procedures  for  deter- 
mining scale  diameter.    In  the  woods-length 
scale,  fractions  are  dropped,  whereas  diame- 
ters are  rounded  in  the  sawn-length  scale. 
The  same  log  grade  specifications  were  used 
to  determine  the  grade  of  the  sawn  logs.    In 
this  report,  these  two  scaling  and  grading 
practices  are  referred  to  as  the  "woods- 
length  scale"  and  the  "sawn-length  scale.  " 
The  scales  and  grades  were  determined  by 


— '  Bureau  of  Land  Management  Log  Scaling  Manual 
Supplements  on  file  at  the  Oregon  State  Office,  Portland, 
Oregon. 

Table  1. --Distribution  of  logs 


by 


public  agency  check  scalers  or  scaling 
supervisors.    Volumes  are  in  terms  of  the 
Scribner  Decimal  C  rule. 

The  distribution  of  logs  by  woods 
length  and  grade  for  the  sample  is  shown 
in  table  1.    The  woods  lengths  vary  from 
8  to  40  feet  with  32  feet  and  40  feet  being 
the  most  common  lengths.     Figure  2 
distributes  the  woods-length  logs  among 
the  seven  log  grades.    There  is  a  notice- 
able relative  difference  depending  on 
number  of  logs  and  net  scale  volume. 
Table  2  shows  the  distribution  of  the 
woods-length  logs  by  scaling  diameter 
and  log  grade.    These  distributions  indi- 
cate the  general  nature  of  this  old-growth 
timber  stand  sample. 

The  sawn-log  length  and  diameter 
distributions  are  shown  in  tables  3  and  4. 
Shorter  lengths  predominate,  with  16  feet, 
18  feet,  and  20  feet  being  the  most  com- 
mon lengths  sawn.     The  percent  distribu- 
tion of  the  sawn-length  logs  by  number 

woods  length  and  grade 


Log 

Log  grade 

All 
grades 

length 
(feet) 

No.    1 

No.    2 

No.    3 

Special 

No.    1 

No.   2 

No.   3 

Peeler 

Peeler 

Peeler 

Peeler 

Savvmi  1 1 

Sawmill 

Sawmill 

0 

, 

8 

0 

0 

0 

Uu&'P    —     —     —     — 

0 

0 

6 

6 

10 

0 

0 

0 

0 

0 

7 

22 

29 

12 

0 

0 

0 

0 

0 

21 

82 

103 

14 

0 

0 

2 

0 

0 

25 

46 

73 

16 

19 

6 

2 

1 

1 

16 

59 

104 

17 

1 

0 

0 

0 

0 

1 

3 

5 

18 

2 

3 

3 

0 

0 

24 

58 

90 

20 

8 

16 

12 

2 

0 

56 

67 

161 

22 

0 

1 

1 

0 

0 

24 

37 

63 

24 

8 

9 

34 

13 

0 

88 

104 

256 

26 

0 

3 

7 

1 

0 

30 

49 

90 

28 

1 

1 

5 

0 

0 

41 

63 

in 

30 

0 

0 

0 

1 

0 

33 

30 

64 

32 

22 

30 

140 

56 

4 

297 

164 

713 

34 

2 

4 

41 

14 

0 

153 

48 

262 

35 

1 

0 

0 

3 

0 

5 

5 

14 

36 

0 

5 

25 

10 

0 

no 

68 

218 

38 

0 

0 

1 

1 

0 

28 

26 

56 

40 

5 

8 

45 

48 

0 

332 

124 

562 

Total 

69 

86 

318 

150 

5 

1,291 

1,061 

2,980 

and  volume  between  grades  is  shown  in  fig- 
ure 3.    There  is  less  log  volume  in  the  sawn 
lengths  No.   1  and  No.  2  Peeler  grades  than 
for  woods  length.    The  grading  procedures 
were  factors  in  this  difference.    The  woods- 


length  grade  was  determined  by  visual 
inspection  of  the  logs  in  the  mill  yard,  and 
the  s awn-length  grade  was  determined  by 
examination  of  detailed  records  of  each 
log's  surface  characteristics. 
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Figure    2 .--Percent   distribution  of  woods-length  logs   by   grade  according   to   number 
and  net  scale  volume. 
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Figure    3. — Percent   distribution  of  sawn-length   logs   by   grade  according   to   number 
and  net  scale  volume. 


Table  2. --Distribution  of  woods-length  logs  by  scaling  diameter  and  grade 


Scaling 

Log  grade 

All 
grades 

diameter 
(inches) 

No.   1 
Peeler 

No.   2 
Peeler 

No.    3 
Peeler 
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42 

40 

2 

3 

7 

-- 

1 

9 

2 

24 

41 

2 

4 

4 

-- 

0 

9 

1 

20 

42 

5 

3 

6 

-- 

0 

3 

2 

19 

43 

4 

5 

4 

-- 

0 

7 

3 

23 

44 

1 

5 

7 

-- 

0 

3 

2 

18 

45 

2 

4 

2 

-- 

0 

4 

0 

12 

46 

4 

3 

2 

-- 

0 

4 

1 

14 

47 

4 

1 

3 

.. 

0 

5 

1 

14 

48 

3 

5 

3 

-- 

0 

2 

1 

14 

49 

0 

2 

1 

-- 

0 

3 

0 

6 

50 

2 

1 

1 

-- 

0 

3 

1 

8 

51 

3 

1 

0 

-- 

1 

0 

0 

5 

52 

0 

1 

0 

-- 

0 

0 

1 

2 

53 

0 

1 

1 

-- 

0 

2 

0 

4 

54 

1 

2 

1 

-- 

0 

0 

0 

4 

55 

2 

0 

0 

-- 

0 

0 

0 

2 

56 

0 

0 

0 

-- 

0 

1 

0 

1 

57 

0 

0 

0 

-- 

0 

1 

0 

1 

58 

0 

0 

0 

-- 

0 

0 

0 

0 

59 

2 

0 

0 

-- 

0 

1 

0 

3 

60 

0 

0 

0 

-- 

0 

0 

0 

0 

61 

0 

1 

0 

-- 

0 

0 

0 

1 

62 

0 

0 

0 

-- 

0 

0 

0 

0 

63 

1 

1 

0 

-- 

0 

0 

0 

2 

64 

0 

0 

0 

-- 

0 

0 

0 

0 

65 

0 

0 

0 

-- 

0 

0 

0 

0 

66 

0 

0 

0 

-- 

V               0 

0 

0 

0 

67 

1 

0 

0 

-- 

0 

0 

0 

1 

Total 

69 

86 

318 

150 

5 

1,291 

^  ,061 

2,980 

Table  3. --Distribution  of  logs  by  sawn  length  and  grade 


Log 

Log  grade 

All 
grades 

length 
(feet) 

No.   1 

No.    2 

No.   3 

Special 

No 

.    1 

No.    2 

No.   3 

Peeler 

Peeler 

Peeler 

Peeler 

Sawmill 

Sawmill 

Sawmill 

Numb 

8 

0 

0 

0 

0 

&1*      -      —      • 

0 

2 

9 

11 

10 

0 

0 

0 

0 

0 

6 

40 

46 

12 

0 

2 

11 

6 

0 

56 

185 

260 

14 

2 

18 

40 

2 

0 

155 

242 

459 

16 

34 

47 

251 

90 

0 

749 

565 

1,736 

17 

0 

0 

1 

0 

0 

2 

3 

6 

18 

9 

16 

72 

18 

0 

286 

318 

719 

20 

3 

15 

75 

25 

0 

522 

471 

1,111 

22 

1 

7 

14 

8 

0 

64 

50 

144 

24 

2 

5 

38 

12 

0 

120 

131 

308 

26 

0 

1 

7 

1 

0 

39 

39 

87 

28 

0 

0 

1 

0 

0 

1 

13 

15 

30 

0 

0 

0 

0 

0 

0 

8 

8 

32 

0 

0 

0 

0 

0 

6 

6 

12 

34 

0 

0 

7 

2 

0 

19 

8 

36 

35 

0 

0 

0 

0 

0 

0 

0 

0 

36 

0 

0 

3 

0 

0 

8 

3 

14 

38 

0 

0 

0 

0 

0 

0 

0 

0 

40 

0 

0 

1 

0 

0 

0 

1 

2 

Total 

51 

111 

521 

164 

0 

2,035 

2,092 

4,974 

SAWING,  SURFACING, 
AND  TALLYING 

The  study  logs  were  sawn  under 
normal  production  conditions  at  the  study 
sawmills.     The  equipment,  manufacturing 
methods,   and  product  out-turn  of  the  study 
sawmills  were  representative  of  general 
industry  practice  in  the    Coast    Douglas- 
fir  region.    Mill  production  equipment 
included  band  headsaws,  edgers,   band 
resaws,  and  gang  trimmers. 

In  accordance  with  study  objectives, 
the  mills  cut  the  logs  following  their  nor- 
mal manufacturing  procedures  for  produc- 
ing optimum  values  of  Board,  Dimension, 
Select,  and  Shop  lumber  items.  The  logs 
were  sawn  during  the  period  1964  to  1967. 

Log  identity  was  maintained  on  each 
piece  of  lumber  through  the  manufacturing 
process  to  the  final  point  of  grading  and 


tally.     The  lumber  was  graded  by,    or 
imder  the  direct  supervision  of,  a  quality 
supervisor  of  the  Western  Wood  Products 
Association,  West  Coast  Lumber  Inspec- 
tion Bureau,  or  the  Pacific  Lumber  In- 
spection Bureau.    All  study  lumber  was 
graded  under  the  West  Coast  Lumber 
Inspection  Bureau's  standard  grading  and 
dressing  rules.—/ 

The  lumber  items  produced  were 
placed  into  the  following  13  grades: 

B  and  Better  Select        No.  3  Shop 

C  Select  Select  Structural 

D  Select  (Select  Merchantable) 

Moulding  Construction 

Factory  Select  Standard 

No.  1  Shop  Utility 

No.  2  Shop  Economy 


£/  West  Coast  Lumber  Inspection  Bureau,  Standard 
Grading  and  Dressing  Rules  for  Douglas-fir  Lumber, 
Number  15,  357  p.    Portland,  Oregon.    March  15,   1956, 
Rev.  1960. 


Table  4. --Distribution  of  sawn-length  logs  by  scaling  diameter  and  grade 


Scaling 

Log  grade 

All 
grades 

diameter 
(inches) 

No.   1 

No.   2 

No.    3 

Special 

No.    1 

No.    2 

No.   3 

Peeler 

Peeler 

Peeler 

Peeler 

Sawmill 

Sawmill 

Sawmill 

!\}t  imJ'i/O'yt     

6 

-      Iv  UliUJtil 

48 

48 

7 

-- 

-- 

-- 

-- 

-- 

-- 

35 

35 

8 

-- 

-- 

-- 

-- 

-- 

-- 

105 

105 

9 

-- 

-- 

-- 

-- 

-- 

-- 

123 

123 

10 

-- 

-- 

-- 

-- 

-- 

-- 

144 

144 

n 

-- 

-- 

-- 

-- 

-- 

-- 

152 

152 

12 

-- 

-- 

-- 

-- 

-- 

106 

62 

168 

13 

-- 

-- 

-- 

-- 

-- 

102 

69 

171 

14 

-- 

-- 

-- 

-- 

-- 

109 

73 

182 

15 

-- 

-- 

-- 

-- 

-- 

82 

85 

167 

16 

-- 

-- 

-- 

-- 

-- 

100 

94 

194 

17 

-- 

-- 

-- 

-- 

-- 

87 

74 

161 

18 

-- 

-- 

-- 

21 

-- 

83 

90 

194 

19 

-- 

-- 

-- 

26 

-- 

70 

80 

176 

■20 

-- 

-- 

-- 

25 

-- 

86 

95 

206 

21 

-- 

-- 

-- 

30 

-- 

73 

66 

169 

22 

-- 

-- 

-- 

24 

-- 

74 

76 

174 

23 

-- 

-- 

-- 

38 

-- 

77 

59 

174 

24 

-- 

-- 

34 

-- 

-- 

69 

57 

160 

25 

-- 

-- 

27 

-- 

-- 

76 

64 

167 

26 

-- 

-- 

40 

-- 

-- 

65 

56 

161 

27 

-- 

-- 

33 

-- 

-- 

58 

55 

146 

28 

-- 

-- 

38 

-- 

-- 

66 

38 

142 

29 

-- 

-- 

30 

-- 

-- 

65 

42 

137 

30 

1 

6 

22 

0 

0 

51 

31 

111 

31 

0 

5 

22 

0 

0 

60 

32 

119 

32 

3 

10 

18 

0 

0 

54 

36 

121 

33 

2 

3 

33 

0 

0 

53 

20 

111 

34 

1 

7 

16 

0 

0 

54 

22 

100 

35 

4 

8 

28 

0 

0 

40 

16 

96 

36 

2 

3 

19 

0 

0 

38 

19 

81 

37 

2 

10 

17 

0 

0 

39 

9 

77 

38 

3 

6 

19 

0 

0 

30 

9 

67 

39 

1 

8 

13 

0 

0 

26 

12 

60 

40 

1 

5 

19 

0 

0 

22 

8 

55 

41 

4 

5 

9 

0 

0 

20 

6 

44 

42 

3 

2 

12 

0 

0 

16 

4 

37 

43 

3 

7 

12 

0 

0 

n 

4 

37 

44 

3 

4 

8 

0 

0 

12 

1 

28 

45 

0 

5 

6 

0 

0 

17 

8 

36 

46 

3 

3 

5 

0 

0 

7 

2 

20 

47 

2 

3 

6 

0 

0 

8 

3 

22 

48 

2 

0 

10 

0 

0 

8 

0 

20 

49 

3 

1 

5 

0 

0 

4 

0 

13 

50 

1 

1 

4 

0 

0 

5 

14 

51 

0 

1 

3 

0 

0 

3 

8 

52 

3 

0 

4 

0 

0 

1 

9 

53 

0 

1 

2 

0 

0 

1 

5 

54 

1 

2 

2 

0 

0 

2 

8 

55 

1 

2 

1 

0 

0 

0 

0 

4 

56 

0 

0 

1 

0 

0 

2 

1 

4 

57 

1 

1 

0 

0 

0 

0 

0 

2 

58 

0 

0 

0 

0 

0 

1 

0 

1 

59 

0 

0 

2 

0 

0 

1 

0 

3 

60 

0 

0 

0 

0 

0 

0 

0 

0 

61 

0 

0 

0 

0 

0 

0 

0 

0 

62 

0 

0 

0 

0 

0 

1 

0 

1 

63 

0 

0 

0 

0 

0 

0 

0 

0 

64 

0 

1 

1 

0 

0 

0 

0 

2 

65 

0 

1 

0 

0 

0 

0 

0 

1 

66 

0 

0 

0 

0 

0 

0 

0 

0 

67 

0 

0 

0 

0 

0 

0 

0 

0 

68 

1 

0 

0 

0 

0 

0 

0 

1 

Total 

51 

111 

521 

164 

0 

2,035 

2,092 

4,974 

Each  piece  was  tallied  by  its  shipping 
dimension,  grade,  and  log  number.      In 
some  mills  this  tally  was  made  after  sur- 
facing— in  others,  on  the  green  chain.    For 
the  latter,  the  grader  "pencil  trimmed" 
where  necessary,  and  the  anticipated  sur- 
faced tally  was  recorded.    All  of  the  2-inch 
dimension,  board,  and  timber  items  were 
tallied  in  a  green  condition.    The  condition 
of  the  Select  and  Shop  items  varied,  as 
noted  in  table  5.    A  general  summary  of 
the  production  characteristics  of  the  10 
sawmills  is  provided  in  table  5. 

COMPILATION  OF  DATA 

The  tally  information  obtained  for 
the  sawn  logs  was  compiled  to  obtain 
lumber  grade  yields  in  board  feet,      hi 
addition,  the  cubic  volume  of  the  logs, 
lumber,  sawdust,  and  residue  was  calcu- 
lated for  each  log. 


The  gross  cubic  log  volume  was 
computed  by  the  following  formula: 

Gross  cubic  log  volume  = 

■n   L    (D^  +   D  D     +   d"^) 
s         s  e         e 


3   X   4  X   144 

where  D    is  the  log  scaling  diameter, 
small  end; 
D    is  the  log  scaling  diameter, 

large  end; 
L    is  the  log  scaling  length. 


The  cubic  volumes  of  the  various 
lumber  sizes  are  based  on  average  rough 
green  dimensions.     These  average 
dimensions  were  obtained  by  measuring 
a  selected  sample  of  the  lumber  during 
the  course  of  each  mill  study.     The  saw- 
dust volumes  were  calculated  by  using 
an  average  saw  kerf  thickness  for  each 


Table  5.--A  general  summary  of  the  manufacturing  characteristics  of  the  study  sawmills 


study  location 


Production 
equipment  ]_/ 


Approximate 
production 
per  8-hour 
shift 


Lumber  items  produced 


Select 


Shop 


Boards 


2- inch 
Dimension 


Timbers 


Washington: 

Northern  Washington  Cascades 
Southern  Washington  Cascades 
Olympic  Peninsula 

Oregon; 

Northern  Oregon  Cascades 
Central  Oregon  Cascades 
Southern  Oregon  Cascades 
Oregon  coast 

Cal ifornia: 

Northern  California  coast 
Northern  Sierras 
Central  Sierras 


Thousand 
board  feet 


BHS,  E,  VRS,  TS  90 
BHS,  E,  GS,  TS  100 
BHS,  E,  GS,  TS,  VRS     160 


BHS, 

E, 

HRS, 

TS 

100 

BHS, 

E, 

VRS, 

TS 

110 

BHS, 

E, 

VRS, 

TS 

90 

BHS, 

E, 

VRS, 

TS 

85 

BHS, 

E, 

VRS, 

GS,  TS 

100 

BHS, 

E, 

GS, 

TS 

75 

BHS, 

E, 

VRS, 

TS 

150 

Green 
Green 
Green 


Green 
Green 
Dry 
Green 


Green 
Dry 

Dry 


Green 
Green 


Green 

Dry 

Green 


Dry 
Dry 


Green 
Green 
Green 


Green 
Green 
Green 
Green 


Green 
Green 
Green 


Green 
Green 
Green 


Green 
Green 
Green 
Green 


Green 
Green 
Green 


Green 
Green 
Green 


Green 
Green 


Green 


Green 


-^   BHS 


band  headsaw,  E  -  edger,  VRS  -  vertical  band  resaw,  HRS  -  horizontal  band  resaw,  TS  -  trim  saws,  GS  -  gang  saw. 


mill  and  the  computed  rough  green  surface 
area  of  the  lumber  from  each  log.     The 
residue  volume  was  obtained  by  subtract- 
ing the  lumber  and  sawdust  volumes  from 
the  gross  cubic  log  volume.    Thus,  the 
residue  volume  includes  a  small  amount 
of  sawdust  associated  with  the  production 
of  slabs,  edgings,  and  trim  ends. 

The  lumber  grade  yield  from  the 
woods-length  logs  was  obtained  by  combin- 
ing the  lumber  recovery  from  the  sections 
sawn  from  each  woods-length  log.      The 
combined  lumber  and  sawdust  cubic  vol- 
umes were  subtracted  from  the  gross 
cubic  volume  of  the  woods-length  log  to 
obtain  residue  cubic  volume. 

An  example  may  clarify  these  proce- 
dures and  the  grading  and  scaling  practices. 
In  one  sample  area,  a  28-inch,  34-foot  log 
was  bucked  and  hauled  to  the  sawmill  log 
yard.     The  log  was  first  graded  and  scaled 
in  the  yard,  in  accordance  with  west-side 
Forest  Service  practice,  as  a  No.  3  Peeler 
log  having  a  gross  scale  of  1,  240  board 
feet  and  a  net  scale  of  1,  160  board  feet. 
Next,  the  surface  and  end  characteristics 
of  the  log  were  carefully  recorded.    As 
the  log  entered  the  sawmill,  it  was 
bucked  into  a  16-foot  (butt)  and  an  18-foot 
(top)  log.     These  two  logs  were  immediately 
scaled,  in  accordance  with  the  east-side 
practice  as  a  33- inch,   16-foot  log  and  a 
29- inch,   18-foot  log.     The  33-inch  butt 
log  was  a  No.  3  Peeler  log  having  a  gross 
scale  of  780  board  feet  and  a  net  scale  of 
550  board  feet.    The  29-inch  top  log  was 
a  No.  2  Sawmill  log  having  a  gross  and 
net  scale  of  680  board  feet. 

The  diameter  difference  between 
the  woods-length  scale  and  sawn-length 
scale  (28  inches  v.  29  inches)  is  a  result 
of  differences  in  scaling  rules  for  deter- 
mining the  scaling  diameter.     The  prac- 
tice followed  for  woods-length  scale  is 
to  drop  fractions  so  that  if  the  diameter 


of  the  log  was  actually  28.  7  inches  it 
would  be  scaled  as  a  28-inch  log.     In  the 
sawn-length  scale,  east- side  scaling 
practices  were  followed  where  diameters 
are  rounded  and  a  28.  7- inch  log  would 
be  scaled  as  a  29-uich  log. 

The  butt  section  produced  870  board 
feet  of  lumber  and  the  top  section,  837 
board  feet.     Thus,  the  overruns  were 
58.  2  percent  for  the  butt  section  and 
23. 1  percent  for  the  top  section  accord- 
ing to  the  sawn-length  scale.     The  lumber 
production  of  the  woods-length  log  was 
the  total  of  the  two  sections,  1,707  board 
feet,  which  is  an  overrun  of  47.  2  percent. 

RESULTS 

Total  log  scale,  lumber  tally,   and 
cubic  volume  are  summarized  by  log  grade 
in  table  6.      These  values  are  shown  by 
scaling  diameter  in  Appendix  n.        The 
lumber  grade  yields  are  also  presented 
by  scaling  diameter  and  log  grade  in 
Appendix  II.      These  tables  in  Appendix 
n  are  the  basis  for  subsequent  discussion 
and  permit  further  analysis  of  results 
by  those  who  may  be  interested.     The 
information  is  an  average,  weighted  by 
volume,  of  results  obtained  in  10  differ- 
ent sawmills.    The  results  are  not 
intended  to  be  representative  of  specific 
sawmills. 

LUMBER  RECOVERY 

The  4,974  sawn-length  logs  pro- 
duced 2,  699,  546  board  feet  of  lumber. 
This  lumber  volume  is  summarized  by 
thickness,  width,   and  grade  in  table  7. 
Almost  54  percent  of  the  lumber  produc- 
tion was  in  2-inch  Dimension  items, 
while  1-inch  Board  items,   Shop  items, 
and  items  thicker  than  2  inches  accounted 
for  10,   12,  and  24  percent  of  the  total, 
respectively. 


Table  6. --Total  log  scale,  lumber  tolly,  and  cubic  volume  by  log  grade 


Log  sc< 

leiy 

Lumber 

.ally 

Cut 

ic   volume 

Number 
of 
logs 

Log  grade 

Gross 

Net 

Vol ume 

Recovery 
ratioi/ 

Log 

Lumber 

Lumber 
recovery 
ratiol/ 

Sawdust 

Residue 

p^^»^  f^^t 

J  feet   -    -   - 

p           . 

feet 

Sawn-length  logs 

No.    1   Peeler 

51 

75,800 

65.620 

71.748 

109 

10.244.28 

6.197.90 

60 

1,014.91 

3,031.67 

No.    2  Peeler 

111 

142,940 

126.300 

132.698 

105 

18,829.45 

11.535.88 

61 

1,960.94 

5,332.63 

No.    3  Peeler 

521 

614.270 

452,330 

504.383 

112 

70,417.26 

43,608.66 

62 

7,760.83 

19,047.77 

Special   Peeler 

164 

55,420 

51,340 

59.511 

116 

8,140.79 

5,029.56 

62 

857.32 

2,253.91 

No.   2  Sawmill 

2,035 

1,155,530 

1,019,770 

1,180,501 

116 

154,731.59 

101,065.25 

65 

17,364.80 

36,301.54 

No.   3  Sawmill 

2.092 

702,200 

588,230 

750,705 

128 

100,274.55 

63,426.01 

63 

11,189.34 

25,659.20 

Total  or 

4,974 

2,646,160 

2,303,590 

2,699,546 

117 

362,638.12 

230,863.26 

64 

40,148.14 

91,626.72 

average 

Woods-length  logs: 

No.    1   Peeler 

69 

147.560 

127,450 

150,125 

118 

21.466.59 

12,946.75 

60 

2,115.32 

6,404.52 

No.    2  Peeler 

86 

186.280 

160,000 

186,359 

116 

27.184.84 

16,156.45 

59 

2,686.95 

8,341 .44 

No.    3  Peeler 

318 

490.980 

433,140 

533,259 

123 

74.479.21 

46,207.34 

62 

8,257.68 

20,014.19 

Special   Peeler 

150 

95.000 

88,110 

117,239 

133 

15.892.73 

9.938.29 

63 

1,727.11 

4,227.33 

No.    1    Sawmill 

5 

10.390 

8,160 

9,617 

118 

1.727.73 

824.48 

48 

141.33 

761.92 

No.   2  Sawmill 

1,291 

1.084.720 

937,080 

1,255,734 

134 

162.905.27 

107.096.72 

66 

16,603.57 

37,204.98 

No.    3  Sawmill 

1,061 

347,080 

265,930 

436.717 

164 

59.364.25 

36,774.78 

62 

6,548.08 

16,041.39 

Total   or 

2,980 

2.362.010 

2.019,870 

2.689.050 

133 

363.020.62 

229.994.81 

63 

40,080.04 

92,995.77 

average 

1/ 


Woods-length  logs:     As  scaled  by  Forest  Service  scaler,  west-side  log  scaling  rules,  Scribner  Decimal   C  log  rule. 


Sawn-length  logs:     As  scaled  by  Bureau  of  Land  Management  scaler,   east-side  log  scaling  rules,   Scribner  Decimal   C  log  rule. 


2/ 


Lumber  tally  volume  as  percentage  of  net  scale  volume. 
Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 


lable  /.--Distribution  of  lumber  volume  by  grade,  thickness,  and  width  from  sawn>length  logs 


S  S  Btr. 
Select 


•^      "   M  Irt-ir,  factory  No.  1  No.  2  No.  3   Select 
Select  Select      ^  Select  Shop  Shop  Shop  Structural 


'""tion"'^'  Standard  Utility  Economy 


All 
grades 


Board  feet     -----____-_-__-_--___  Percent  of  total   lupiber  voluTm 


48,446 
67,424 
74,384 
23,333 
58,790 


17 

0.53 

0.23 

18 

.58 

.35 

11 

.47 

.34 

12 

.33 

.26 

53 

.74 

.67 

0.01 

0.33 

0.20 

0.20 

0.12 

1.79 

.04 

.53 

.40 

.29 

.13 

2.50 

,03 

.42 

.41 

.64 

.34 

2.76 

(2/) 

.05 

.04 

.04 

.02 

.86 

(2/) 

.09 

.05 

.08 

.02 

2.18 

272,377 


2,3.4 
6 


10 
12  »  ' 


207,183 

.49 

.86 

.46 

251,822 

.85 

1.12 

.39 

253,864 

.36 

.51 

.26 

150,815 

.24 

.40 

.18 

579,212 

.91 

.73 

.29 

.46 

1.70 

1.16 

1.62 

92 

7.67 

.76 

1.98 

1.50 

1.94 

79 

9.33 

1.13 

2.40 

1.90 

2.16 

68 

9.40 

1.32 

1.63 

1.04 

.62 

16 

5.59 

3.42 

6.97 

4.50 

3.65 

98 

21.45 

Total 
3  S  4 


47,917 
150,270 
72,330 
76,840 
175,167 


522,524 


.38 
1.12 
.46 
.90 
.82 


3.67 


3.53        53.44 


20 

.27 

.16 

1.78 

75 

.43 

.46 

5.57 

37 

.34 

.09 

2.68 

53 

.06 

.01 

2.85 

88 

.97 

.15 

6.49 

10 
12  8  1 


43,584 
24,642 
11,290 
50.634 


130,150 


.07  (2/) 

.07  (2/) 

.01  0 

.02  0 


.46 
.37 
.07 
.47 


.17 


.27 

.03 

.01 

1.61 

.03 

.14 

0 

.91 

.03 

0 

0 

.42 

.19 

.45 

(2/) 

1.87 

1    (4/4) 

Random 

46,710 

1-1/4    (5/4) 

Random 

128.574 

1-1/2   (6/4) 

Random 

46,420 

1-5/8 

Random 

47,659 

2 

Random 

62,236 

0.25  0.30  0.25  (2/) 

.13  .85  1.88  0.47 

.15  .44  .58  .11 

.32  .51  .71  .23 

.87  .59  .66  .12 


1.73 
4.76 
1.72 
1.77 
2.31 


1.72       2.69     4.0 


.93 


12.29 


7.91        3.63       2.87 


1.72       2.69     4. 


5.04      100.00 


1-inch  boards  are  termed  Select  Merchantable. 
Percentage  is   less  than  0,005. 
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The  2,980  woods-length  logs  produced 
2, 689,  050  board  feet  of  lumber.     Note  that 
this  is  slightly  less  (0.4  percent)  than  the 
volume  shown  for  the  sawn-length  logs. 
This  difference  is  due  to  a  few  more  logs 
being  scaled  as  cull  (defect  greater  than 
66-2/3  percent)  in  the  woods-length  scale. 
The  thickness,  width,  and  grade  distribu- 
tion of  the  lumber  volume  in  the  woods- 
length  logs  is  almost  identical  to  that  shown 
for  the  sawn-length  logs.     For  practical 
purposes,  it  is  the  same  as  that  shown  in 
table  7.    The  average  lumber  grade  yields 
obtained  for  each  log  grade  are  shown  in 
table  8. 

The  influence  of  log  quality  and  size 
on  lumber  yield  is  shown  in  figures  4  and  5. 
The  variability  that  occurs  in  lumber  yield 
has  been  smoothed  by  curving  to  indicate 


yield  patterns.    There  was  a  significant 
increase  in  the  proportion  of  Select  grade 
lumber  as  log  size  increased.     A  reverse 
yield  pattern  is  evident  for  the  Standard 
and  Better  lumber.     The  yield  patterns 
emphasize  the  need  for  stratification  by 
log  size  and  grade. 

DEFECT 

The  total  gross  scale  of  the  sawn- 
length  logs  was  2,646,160  board  feet  and 
total  net  scale  was  2,303,590  board  feet. 
The  average  deduction  was  13  percent  of 
the  gross  scale.    As  would  be  expected, 
the    smaller   logs    tended   to   be   less 
defective    and    the    scaled   deduction 
for    defect    increased   with    an  increase 
in  diameter.     This  relationship    is 
shown    in    figure    6. 


Table  8. --Lumber  grade  yields  by  log  grade 


Number 
of 
logs 

Lumber 

tally 

volume 

Lumber 

grades 

Log  grade 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.    1 
Shop 

No.   2 
Shop 

No.    3 
Shop 

Select 
Struc- 
tural 

Construc- 
tion 

Standard 

Utility 

Economy 

Board  feet 

Percent 

.                     ,, 

. 

Sawn-length   logs: 

o^    LunDc 

VO  L  1<I^€    — 

No.    1   Peeler 

51 

71,748 

34.85 

19.82 

6.02 

2.59 

3.01 

2.63 

3.47 

0.72 

8.88 

6.67 

3.39 

5.61 

2.34 

No.   I  Peeler 

111 

132,698 

24.90 

18.26 

4.84 

1.82 

5.93 

4.49 

3.74 

.93 

10.26 

10.21 

5.60 

6.47 

2.56 

No.    3  Peeler 

521 

504,383 

17.29 

14.94 

5.56 

5.33 

2.64 

2.51 

3.10 

.75 

14.54 

15.04 

6.75 

8.03 

3.54 

Special   Peeler 

164 

59,511 

2.52 

7.28 

4.45 

2.89 

.21 

.34 

1.34 

.45 

36.93 

23.56 

9.63 

7.98 

2.42 

No.   2  Sawmill 

2,035 

1,180,501 

5.26 

7.01 

3.98 

3.01 

1.60 

3.01 

4.19 

.88 

15.20 

26.64 

13.49 

11.64 

4.08 

No.    3  Sawmill 

2,092 

750,705 

.69 

1.68 

1.29 

1.19 

.55 

2.15 

4.91 

1.19 

4.66 

25.01 

24.14 

24.08 

8.46 

Woods -length  logs: 

No.    1   Peeler 

69 

150,125 

36.23 

19.32 

4.93 

3.00 

3.41 

2.28 

2.09 

.55 

9.87 

7.81 

3.53 

4.96 

2.01 

No.   2  Peeler 

86 

186,359 

27.46 

19.21 

4.85 

2.64 

3.58 

3.20 

3.68 

.60 

11.07 

9.57 

5.00 

5.82 

3.31 

No.   3  Peeler 

318 

533,259 

11.21 

12.61 

5.97 

5.34 

2.70 

3.35 

4.16 

.92 

14.69 

18.17 

8.29 

8.96 

3.63 

Special   Peeler 

150 

117,239 

2.78 

6.99 

4.32 

2.97 

.14 

.83 

2.03 

.52 

32.44 

28.71 

9.45 

6.69 

2.13 

No.    1   Sawmill 

5 

9,617 

18.40 

15.13 

8.41 

.37 

8.45 

4.08 

2.18 

.40 

15.35 

12.42 

5.66 

5.58 

3.57 

No.    2  Sawmill 

1,291 

1,255,734 

3.21 

5.07 

3.05 

2.55 

1.32 

2,88 

4.42 

.98 

12.44 

28.01 

16.88 

14.19 

5.02 

No.    3  Sawmill 

1,061 

436,717 

.79 

1.85 

1.25 

.87 

.63 

1.71 

4.43 

1.15 

4.63 

22.14 

24.35 

27.07 

9.15 
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Figure   4. — Lumber   grade  recovery  by   scaling  diameter  and  log  grade,    sawn-length  logs. 
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Figure    5. — Lumber   grade  recovery   by   scaling  diameter  and  log  grade,    woods-length  logs. 
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Sawn-length  defect  percent  =  3.19  +  0  301  (diameter) 
standard  error  estimate  =  16.05 

Woods-length  defect  percent  =  3  58  +  0.3487  (diameter) 
standard  error  estimate  =  15.66 
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Figure   6. — Relationship  of  scale  defect   to  scaling  diameter. 


The  total  gross  scale  of  the  woods- 
length  logs  was  2,362,010  board  feet,   and 
the  total  net  scale  was  2,019,870  board  feet. 
The  average  deduction  was  14  percent  of  the 
gross  scale.      The  defect  deductions  of  the 
two  scaling  systems  are  almost  identical 
as  shown  in  figure  6.      The  gross  and  net 
scale  values  for  the  woods-length  logs 
average  about  16  percent  lower  than  those 
of  the  sawn-length  logs  due  to  the  differ- 
ence in  scaling  practices. 

LUMBER  TALLY  RATIOS 
(OVERRUN) 

The  ratios  of  lumber  tally  to  net  scale 
(overrun  values)  are  related  to  log  size  and 
defect.      The  ratios  tend  to  decrease  with 
increasing  log  diameter.      The  reader  may 
observe  a  different  trend  in  recovery  ratios 
for  each  log  grade,  but  this  is  due  in  part  to 
the  diameter  distribution  of  the  logs  in 
the  grades.      If  the  differences  due  to 
diameter  distribution  are  considered,  the 
differences  in  recovery  ratios  are  not  too 
marked.      The  relationship  is  shown  in 


figure  7.    Due  to  the  different  scale 
basis,   the  woods-length  ratios  are 
consistently  higher. 

CUBIC  RATIOS 

The  relationship  of  the  lumber 
cubic  volume  recovery  ratio  to  scaling 
diameter  is  shown  in  figure  8.      This 
ratio  has  an  opposite  trend  to  that  of 
the  lumber  tally  ratio.      The  cubic  ratio 
tends  to  increase  as  diameter  increases. 
On  the  average,    about  63  to  64  percent 
of  the  cubic  content  of  the  log  was  manu- 
factured into  rough  green  lumber.     Ap- 
proximately 25  percent  of  the  rough 
green  lumber  volume  was  lost  as  planer 
shavings   and  shrinkage.     Thus,    about 
49.5  percent  of  the  cubic  log  content 
was  shipped  as  lumber. 

The  relationship  of  lumber  yield 
per  cubic  foot  of  log  input  to  scaling 
diameter  is   shown  in  figure  9.     On  the 
average,  for  each  cubic  foot  of  log  input, 
7.4  board  feet  of  lumber  was  produced. 
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Figure   7. — Relationship  of  net  log  scale-lumber   tally  recovery  ratio   to  scaling 
diameter . 
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Figure   8. — Relationship  of  lumber' cubic-volume  recovery   ratio 
to   scaling  diameter . 
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Figure   9. — Relationship  of  board-foot  yield  per  cubic  foot  of 
log  input   to  scaling  diameter. 
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APPENDIX  I 


SUMMARY   OF  FOREST  SERVICE  LOG  GRADE  SYSTEM  FOR    COAST  DOUGLAS-FIR 

Douglas-fir  Peeler  Log  Grade  Speaifiaations  -  Summary 
(All   grades  must  be  suitable  for  rotary  cutting) 


No.    1 

No.    2 

No.    3 

Special-' 

Production 

Clear  veneer 

Clear  veneer 

Center  &  cross  core 

Same  as  No.  3 

Surface  clear 

100  percent 

75  percent 

None 

None 

requirement 

Knots 

None 

None 

Limit-size  1-1/2" 
(two  per  8'  block) 

Smaller-five  per 
8'  block 

Same  as  No.  3 

Indications 

None 

Not  over  25 

Number-no  limit 

Same  as  No.  3 

(knot) 

percent  of 
surface 

Size-none  over 
1-1/2" 

Diameter  minimum 

30" 

30" 

24" 

18" 

Maximum  slope  of 

1 "  per  foot. 

3"  per  foot. 

3"  per  foot. 

3"  per  foot. 

grainl/ 

30-35" 
1-1/2"  per  foot, 

36-50" 
2"  per  foot, 

51-60" 
2-1/2"  per  foot, 

61"+ 

all  logs 

24-35" 
4"  per  foot, 
36"  and  over 

all  logs 

Grade  defects: 

Firm  stain 

Limited 

Limited 

Permitted, 
no  1 imit 

Permitted, 
no  limit 

Deductible  defects 

Pitch  rings 

Not  permitted 

Limited 

Limited 

Limited 

Butt  rot 

Permitted  in  32'  1 
for  rotary  cutting 

ogs  in  all  grades 

if  one  8'  block  only  is 

unsuitable 

White  pocket 

Not  permitted 

Not  permitted 

Permitted  if 

Same  as  No.  3 

(conk) 

not  over  50  per- 
cent of  gross 

Cat  faces. 

Permitted 

Permitted 

Permitted 

Permitted 

scars-shallow 

Cat  faces,  deep 

Not  permitted 

Not  permitted 

Not  permitted 

Not  permitted 

(over  one-half 

log  length) 

Grub  wormholes 

Up  to  10  percent 

Up  to  10  percent 

Up  to  25  percent 

Up  to  25  percent 

surface 

surface 

surface 

surface 

Pin  wormholes 

Not  permitted 

Not  permitted 

Permitted  if 
wood  is  sound 

Permitted  if 
wood  is  sound 

Knot  clusters 

One  permitted 

One  permitted 

One  permitted 

One  permitted 

and  burls 

per  16'  log 

per  16'  log 

per  16'  log 

per  16'  log 

Sweep 

Limited 

Limited 

Permitted 

Permi  tted 

Crook 

Limited 

Limited 

Limited 

Limited 

Usual  age-years 

350+ 

300+ 

100+ 

100+ 

Usual  position 

1st  32'  log 

1st  &  2d  32' 

Old  growth: 

Red  fir: 

In  tree 

logs 

3d  &  4th  32'  logs 
Red  fir:  1st  & 

2d  32'  logs 
2d  gr.  1st  32'  log 

1st,  2d,  £  3d 

32'  logs 
2d  gr.  1st  32' 

log 

v 

2/ 


Logs  meeting  this  specification  are  graded  No.  2  Sawmill  in  the  California  Region. 


—  Slope  of  grain  not  considered  in  California  Region. 
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Douglas-fir  Smdmill  Log  Grade  Specifiaations   -  Siovmajn/ 

3/ 

No.    1-  No.    2  No.    3 

Production  C  &  Btr.  Ibr.     1.  Constr.  or  Btr.     Standard  or  Btr. 

2.  Shop  or  Btr. 

Surface  clear  requirement   100  percent      None  None 

Knots  permitted 


Indications  (knot) 

Diameter  limit 

2/ 
Maximum  slope  of  grain— 


None 

1 .  Mostly  live 
Mostly  2-1/2"  &  less 

2.  Larger  permitted 
but  limited. 

No  limit 

None 

Number-no  limit 
Size  -  2-1/2" 

No  limit 

30" 

12" 

6" 

1 "  per 
30-35 

foot, 

2-1/2"  per  foot, 
12-20" 

None 

1-1/2" 
36-50 

per  foot, 

3"  per  foot, 
21-35" 

2"  per 
51-60' 

foot, 

4"  per  foot, 
36-50" 

2-1/2"  per  foot,  5"  per  foot, 
61"  and  over     51"  and  over 

Grade  defect  permitted: 

Firm  stain  Limited         Permitted  Permitted  -  no 

limit 

Deductible  defects: 
White  pocket  (conk)      Limited         Permitted  Permitted  if  not  over 

66-2/3%  of  gross 

Other  Any  permitted  provided  the  free  portion  meets  the  lumber 

production  requirement  and  the  log  is  33-1/3°^  sound 

Usual  age  -  years         350+  Any  Any 

Usual  position  in  tree     1st  16'  log,     Any  Top  log  or  under  12" 

sometimes  2d 

3/ 

—  Few  logs  meet  this  grade  specification;  therefore,  it  is  not  used  by  the 

California  Region  nor  by  the  Bureau  of  Land  Management. 
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APPENDIX  II 

TABLES  OF  LUMBER  RECOVERY  DATA  BY  DIAMETER  AND  LOG  GRADE 

FOR  SAWN- LENGTH  LOGS  AND  WOODS- LENGTH  LOGS 

Table  Page 

SAWN- LENGTH  LOGS 

9       Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter,  No.   1  Peeler  grade  sawn-length  logs 21 

10  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter.   No.  2  Peeler  grade  sawn-length  logs 22 

11  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter,  No.  3  Peeler  grade  sawn-length  logs 23 

12  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter.   Special  Peeler  grade  sawn-length  logs 23 

13  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter.  No.  2  Sawmill  grade  sawn-length  logs 24 

14  Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling 

diameter.  No.  3  Sawmill  grade  sawn-length  logs 25 

15  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameters,  all  grades  of  sawn-length  logs 26 

16  Lumber  grade  yields  by  scaling  diameter.  No.   1 

Peeler  grade  sawn-length  logs 27 

17  Lumber  grade  yields  by  scaling  diameter.  No.  2 

Peeler  grade  sawn-length  logs 28 

18  Lumber  grade  yields  by  scaling  diameter.  No.  3 

Peeler  grade  sawn-length  logs 29 

19  Lumber  grade  yields  by  scaling  diameter,  Special 

Peeler  grade  sawn-length  logs 29 

20  Lumber  grade  yields  by  scaling  diameter,  No.  2 

Sawmill  sawn-length  logs 30 

21  Lumber  grade  yields  by  scaling  diameter.  No.  3 

Sawmill  sawn-length  logs 31 

WOODS- LENGTH  LOGS 

22  Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling 

diameter.  No.   1  Peeler  grade  woods-length  logs 32 

23  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter.  No.  2  Peeler  grade  woods-length  logs 33 

24  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter.  No.  3  Peeler  grade  woods-length  logs 34 

25  Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling 

diameter.   Special  Peeler  grade  woods-length  logs 35 

26  Log  scale,  lumber  tally,   and  cubic  volumes  by  scaling 

diameter.  No.   1  Sawmill  grade  woods-length  logs     35 
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Table  Page 

27  Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling 

diameter.  No.  2  Sawmill  grade  woods-length  logs 36 

28  Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling 

diameter,  No.  3  Sawmill  grade  woods-length  logs 37 

29  Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling 

diameter,  all  grades  of  woods-length  logs 38 

30  Lumber  grade  yields  by  scaling  diameter,  No.   1 

Peeler  grade  woods-length  logs 39 

31  Lumber  grade  yields  by  scaling  diameter.  No.  2 

Peeler  grade  woods-length  logs 40 

32  Lumber  grade  yields  by  scaling  diameter.  No.  3 

Peeler  grade  woods-length  logs 41 

33  Lumber  grade  yields  by  scaling  diameter.  Special 

Peeler  grade  woods-length  logs 42 

34  Lumber  grade  yields  by  scaling  diameter,  No.   1 

Sawmill  grade  woods-length  logs 42 

35  Lumber  grade  yields  by  scaling  diameter,  No.  2 

Sawmill  grade  woods-length  logs 43 

36  Lumber  grade  yields  by  scaling  diameter.  No.  3 

Sawmill  grade  woods-length  logs 44 


20 


Table  9. --Log  scale,  lumber  tolly,  and  cubic  volumes  by  scaling  cJiameter, 
No.  1  Peeler  grade  sawn-length  logs 


Log 
seal ing 
diameter 
(inches) 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

Cubic  volume 

Gross 

Net 

Volunie            '<"°^^7 
ratio£/ 

Log 

Lumber 

Lumber  recov- 
ery ratiol/ 

Sawdust 

Residue 

Board  feet  - 

Per cent 

-   -   -   Cubic 

feet 

Percent 

-   -    -   Culnc 

feet 

30 

1 

660 

550 

551 

100 

104.46 

47,47 

45 

7.69 

49.30 

31 

0 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

__ 

__ 

32 

3 

2,530 

2,470 

2,701 

109 

329.71 

233.52 

71 

37.44 

58.76 

33 

2 

2,230 

1,800 

2,110 

117 

310.03 

181.84 

59 

32.56 

95.63 

34 

1 

800 

800 

928 

116 

103.88 

78.22 

75 

11.36 

14.30 

35 

4 

3,730 

3,160 

3,475 

110 

554.01 

300.18 

54 

51.51 

202.32 

36 

2 

1,840 

1,800 

1,956 

109 

270.20 

165.60 

61 

26.13 

78.47 

37 

2 

2,190 

1,780 

1,965 

110 

300 . 26 

170.98 

57 

26.93 

102.35 

38 

3 

3,070 

2,400 

2,891 

120 

394.11 

247.95 

63 

39.22 

106.94 

39 

1 

1,120 

920 

1,096 

119 

139.66 

94.50 

68 

17.10 

28.06 

40 

1 

1,200 

660 

1,261 

191 

146.72 

109.19 

74 

19.67 

17.86 

41 

4 

5,240 

4,280 

4,731 

111 

781.87 

409.16 

52 

66.32 

306.39 

42 

3 

4,190 

3,520 

3,741 

106 

500.10 

327.49 

65 

56.39 

116.22 

43 

3 

4,370 

3,800 

3,413 

90 

555.40 

294.96 

53 

53.10 

207.34 

44 
45 
46 

3 
0 
3 

4,440 

3,410 

4,593 

135 

640.01 

395.06 

62 

59.78 

185.17 

5,150 

4,890 

5,094 

104 

710.18 

437.44 

62 

63.02 

209.72 

47 

2 

3,320 

2,950 

3,050 

103 

442.50 

263.52 

60 

48.72 

130.16 

48 

2 

3,670 

3,250 

3,257 

100 

485.15 

289.32 

60 

57.74 

137.59 

49 

3 

5,170 

4,770 

5,015 

105 

650.60 

428.04 

66 

68.42 

154.14 

50 
51 
52 
53 
54 

1 
0 
3 

0 

1 

2,110 

1,860 

1,989 

107 

276.07 

174.45 

63 

28.87 

72.75 

6,320 

5,570 

6,052 

109 

815.05 

527.09 

66 

95.83 

192.13 

2,180 

2,100 

1,850 

88 

294.03 

170.25 

58 

34.80 

88.98 

55 
56 
57 
58 
59 
60 
61 
62 

1 
0 

1 

0 
0 
0 
0 
0 

3,460 

3,220 

3,855 

120 

480.45 

331.78 

69 

40.24 

108.43 

2,440 

2,180 

2,648 

121 

336.18 

226.17 

67 

31.57 

78.44 

63 
64 
65 
66 
67 
68 

0 
0 
0 
0 
0 

1 

4,370 

3,480 

3,526 

101 

623.85 

293.12 

47 

40.50 

290.23 

Total    or 

51 

75,800 

65,620 

71,748 

109 

10,244.48 

6,197.90 

60 

1,014.91 

3,031.67 

average 

-  As  scaled  by  Bureau  of  Land  Management  scaler,  east-side  log  scaling  rules,  Scribner  Decimal    C  log  rule. 

2/ 

-  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

-  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  10. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
No.  2  Peeler  grade  sawn-length  logs 


Log 

Number 

of 

logs 

Log  scale- 

Lumber  tally 

Cubic  volume 

diameter 
(inches) 

Gross 

Net 

Volume 

Recovery 
rati'ol/ 

Log 

Lumber 

Lumber  recov- 
ery ratiol^ 

Sawdust               Residue 

Board  feet   - 

Percent 

-   -   -   Cubic 

feet 

Percent 

-   -   -   -  Cub 

c  feet   -   -   -   - 

30 

6 

4,400 

3,960 

4,065 

103 

558.55 

352.87 

63 

59.48 

146.20 

31 

5 

4.650 

3,830 

4,454 

116 

625.65 

386.31 

62 

64.17 

175.17 

32 

10 

7,750 

6,600 

6,215 

94 

1,056.89 

536.87 

51 

91.85 

428.17 

33 

3 

2,720 

2,210 

2,458 

111 

397.11 

210.84 

53 

36.93 

149.34 

34 

7 

5.400 

4,940 

4,824 

98 

749.79 

418.35 

56 

72.40 

259.04 

35 

8 

7.600 

6,500 

7,375 

113 

1,013.42 

539.15 

63 

118.30 

255.97 

36 

3 

2,990 

2,570 

3,054 

119 

426.32 

259.78 

61 

40.28 

126.26 

37 

10 

11,610 

10,640 

10,895 

102 

1,431.51 

947.84 

66 

165.87 

317.80 

38 

6 

7,540 

6,580 

7,138 

108 

1,013.29 

612.49 

60 

109.91 

290.89 

39 

8 

9,380 

8,160 

9,426 

116 

1,307.41 

817.24 

63 

139.10 

351.07 

40 

5 

6,300 

5,200 

5,696 

110 

769.64 

499.02 

65 

96.06 

174.56 

41 

5 

6,980 

5,200 

6.646 

107 

900.76 

584.67 

65 

94.96 

221.13 

42 

2 

2,850 

2,130 

2,816 

132 

365.03 

239.83 

66 

40.21 

34.99 

43 

7 

10,210 

9,390 

10,084 

107 

1,285.08 

870.23 

68 

138.23 

276.62 

44 

4 

6,650 

5,720 

5,429 

95 

848.44 

494.19 

58 

94.16 

260.09 

45 

5 

7,980 

7,130 

8,179 

115 

1,152.17 

712.43 

62 

132.68 

307.06 

46 

3 

4,370 

4,180 

4,356 

104 

538.58 

378.96 

70 

68.19 

91.43 

47 
48 

49 

3 
0 

1 

5,180 

4,750 

4,958 

104 

659.36 

423.60 

64 

62.17 

173.59 

2,750 

2,520 

2,632 

104 

390.12 

227.22 

58 

35.72 

127.18 

50 

1 

1.640 

1,640 

1,411 

86 

206.57 

130.72 

63 

30.86 

44.99 

51 
52 
53 

1 
0 
1 

2.190 

2,110 

1,916 

91 

270.67 

170.32 

63 

28.21 

72.14 

2.370 

1,800 

1,879 

104 

336.97 

163.35 

48 

24.47 

149.15 

54 

2 

3,820 

3,340 

3,062 

92 

453.62 

268.04 

59 

42.11 

143.47 

55 
56 
57 
58 
59 
60 

2 

0 
1 
0 
0 
0 

6,420 

5.940 

5,618 

95 

845.17 

487.11 

58 

68.72 

289.34 

2,130 

1,840 

i,797 

98 

256.89 

155.12 

60 

21.80 

79.97 

61 
62 
63 

64 

0 
0 
0 

1 

3,870 

3,620 

3,643 

101 

535.82 

320.78 

60 

52.77 

162.27 

65 

1 

3,190 

2,800 

2,672 

95 

434.62 

228.55 

53 

31.33 

174.74 

Total   or 

111 

142,940 

126,300 

132,698 

105 

18,829.45 

11,535.88 

61 

1,960.94 

5,332.63 

average 

As  scaled  by  Bureau  of  Land  Management  scales,   east-side  log  scaling  rules,  Scribner  Decimal    C   log  rule. 


—    Lumber  tally  volume  as   percentage  of  net  scale  volume. 
y  Lumber  cubic   volume  as   percentage  of  log  cubic  volume. 
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Table  11. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter. 
No.  3  Peeler  grade  sawn-length  logs 


Log 
scaling 
diameter 
(inches) 

Number 

1/ 
Log  scale- 

Lumber 

tally 

Cubic  volume 

of 
logs 

Gross 

Net 

Volume 

Recovery 
ratiol/ 

Log 

Lumber 

Lumber  recov- 
ery ratiol'' 

Sawdust 

Residue 

-   -  -   -  -  Board  feet   -   - 

Percent 

-   -   -  Cubic 

feet   -    -   - 

Percent 

Cul.ic 

fed 

24 

34 

17,050 

15,800 

18,119 

115 

2,470.30 

1,540.31 

62 

290.81 

639.18 

25 

27 

14,350 

12,790 

14,335 

112 

2,053.94 

1,208.49 

59 

215.85 

629.60 

26 

40 

21,730 

19,840 

22,066 

111 

2,983.36 

1,880.58 

63 

319.19 

783.59 

27 

33 

21 ,930 

20,220 

21,839 

108 

2,970.14 

1,860.69 

63 

324.35 

785.10 

28 

38 

24,600 

22,480 

24,420 

109 

3,410.31 

2,091.57 

61 

367.07 

951.67 

29 

30 

19,850 

17,920 

21,084 

118 

2,828.84 

1,808.12 

64 

334.10 

586.62 

30 

22 

16,080 

14,460 

16,320 

113 

2,269.82 

1,411.49 

52 

242.53 

615.80 

31 

22 

17,590 

15,900 

17,621 

111 

2,375.22 

1,517.31 

64 

258.23 

599.68 

32 

18 

14,100 

13,150 

14,231 

108 

1,903.33 

1,218.29 

64 

208.48 

476.56 

33 

33 

27,740 

24,620 

27,655 

112 

3,898.57 

2,382.23 

61 

424.28 

1,092.06 

34 

16 

16,490 

14,590 

16,324 

112 

2,337.00 

1,419.84 

61 

248.86 

068.30 

35 

28 

27,320 

24,320 

27,640 

114 

3,902.36 

2,396.35 

61 

428.50 

1,077.51 

36 

19 

19,440 

16,860 

17,976 

107 

2,562.38 

1,576.48 

62 

284.29 

701.61 

37 

17 

18,740 

16,110 

18,191 

113 

2,553.11 

1,576.80 

62 

286.25 

690.06 

38 

19 

23,790 

19,300 

22,847 

118 

3,446.09 

1,955.52 

57 

345.30 

1,145.17 

39 

13 

17,310 

15,740 

17,686 

112 

2,425.44 

1,550.66 

64 

301.87 

572.91 

40 

19 

26,460 

22,540 

25,818 

115 

3,457.22 

2,259.69 

65 

441.05 

756.48 

41 

9 

12,550 

10,190 

10,568 

104 

1,696.43 

928.66 

55 

169.95 

597.82 

42 

12 

16,690 

15,210 

16,212 

107 

2,157.43 

1,413.41 

66 

252.16 

491.86 

43 

12 

20,710 

17,550 

19,079 

109 

2,754.15 

1,659.35 

60 

294.65 

800.16 

44 

8 

12,750 

11,190 

12,182 

109 

1,665.32 

1,042.91 

63 

199.80 

422.61 

45 

6 

11,460 

10,250 

11,818 

115 

1,442.93 

1,021.91 

71 

179.76 

241.26 

46 

5 

7,940 

6,560 

7,058 

108 

1,051.36 

634.16 

60 

132.16 

285.04 

47 

6 

10,570 

9,070 

10,880 

120 

1,501.04 

979.98 

65 

193.42 

327.64 

48 

10 

20,830 

18,310 

19,706 

108 

2,834.25 

1,725.00 

61 

297.29 

811.96 

49 

5 

10,840 

9,490 

11,330 

119 

1,500.35 

983.06 

66 

136.28 

381.01 

50 

4 

7,020 

6,210 

6,042 

97 

892.00 

533.57 

60 

95.06 

263.37 

51 

3 

6,570 

6,130 

7,368 

120 

882.25 

621.61 

70 

84.82 

175.82 

52 

4 

7,580 

5,520 

5,669 

103 

983.38 

501.52 

51 

94.05 

387.81 

53 

2 

4,200 

2,690 

3,550 

132 

629.94 

311.89 

50 

59.95 

258.10 

54 

2 

5,190 

4,810 

5,608 

117 

724.12 

475.12 

66 

66.44 

182.56 

55 

1 

2,550 

2,190 

2,177 

99 

302.41 

184.20 

61 

28.69 

89.52 

56 
57 

1 
0 

2,500 

1,840 

1,836 

100 

328.63 

153.17 

47 

24.75 

150.71 

58 
59 
60 
61 

0 
2 

0 
0 

5,880 

5,210 

5,526 

106 

748.52 

483.56 

65 

87.54 

177.42 

62 
63 

64 

0 
0 

1 

3,870 

3,270 

3,602 

110 

475.31 

301.06 

63 

43.05 

1 31  .  20 

Total   or 

521 

514,270 

452,330 

504,383 

112 

70,417.26 

43,608.66 

62 

7,760.83 

19,047.77 

average 

-  As  scaled  by  Bureau  of  Land  Management   scaler,  east-side  log  scaling  rules,   Scribner  Decimal    C  log  rule. 

2/ 

-  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

3/ 

-  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 

Table  12. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter. 
Special  Peeler  grade  sawn-length  logs 


Log 
scaling 
diameter 
(inches) 

Number 

of 

logs 

Log  seal  el' 

Lumber  tally 

Cubic  volume 

Gross 

Net 

Volume 

Recovery 
ratio!/ 

Log 

Lumber 

Lumber  recov- 
ery ratiol/ 

Sawdust 

Residue 

Board  feet   - 

Percent 

-   -   -  Cubic 

feet   -    -   - 

Percent 

-   -   -   -   Cubic 

feet 

18 

21 

4,830 

4,490 

5.333 

119 

798.90 

446.01 

56 

75.81 

277.08 

19 

26 

6,870 

6,290 

7,324 

116 

1,086.16 

615.49 

57 

101.00 

369.67 

20 

25 

8,050 

7,510 

8,329 

111 

1,164.83 

713.06 

61 

120.19 

331.58 

21 

30 

10,380 

9,810 

11,244 

115 

1,480.74 

953.09 

64 

160.56 

367.09 

22 

24 

9,740 

9,010 

10,768 

120 

1,403.59 

912.76 

65 

166.32 

324.51 

23 

or 

38 

15,550 

14,230 

16,513 

116 

2,206.57 

1 , 389 . 1 5 

63 

233.44 

583.98 

Total 

164 

55,420 

51,340 

59,511 

116 

8,140.79 

5,029.56 

62 

857.32 

2.253.91 

average 

—  As  scaled  by  Bureau  of  Land  Management  scaler,  east-side  log  scaling  rules,  Scribner  Decimal  C  log  rule. 

2/ 

—  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

—  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  13.— Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter. 
No.  2  Sawmill  grade  sawn-length  logs 


Log 
scaling 
diameter 
(inches) 


Number 
of 
logs 


Log  scale- 


Gross 


Net 


Lumber  tally 


Volume 


Recovery 
ratio^/ 


Cubic  volume 


Log 


Lumber 


Lumber  recov- 
ery ratiol' 


Sawdust 


Residue 


Board  feet   - 

Percent 

Cubic  feet   -   -   - 

Percent 

Cubic 

feet 

12 

106 

9,140 

8,820 

11,889 

135 

1,667.29 

990.82 

59 

179.02 

497.45 

13 

102 

10,970 

10,530 

13,882 

132 

1,936.86 

1,148.56 

59 

199.52 

588.78 

14 

109 

13,840 

13,190 

18,053 

137 

2,411.12 

2,411.12 

62 

261.59 

658.76 

15 

82 

13,230 

12,440 

15,338 

123 

2,113.07 

1,271.07 

60 

216.01 

625.99 

16 

100 

18,680 

17,740 

22,884 

129 

2,917.14 

1,902.83 

65 

321.61 

692.70 

17 

87 

18,350 

17,500 

21,784 

124 

2,851.39 

1,818.34 

64 

297.75 

735.30 

18 

83 

20,440 

19,550 

24,453 

125 

2,999.22 

2,035.11 

68 

342.35 

621.76 

19 

70 

18,760 

17,570 

21,758 

124 

2,710.67 

1,820.80 

67 

301.02 

588.85 

20 

86 

28,040 

26,380 

31,040 

118 

3,892.44 

2,603.39 

67 

432.16 

856.89 

21 

73 

26,250 

24,610 

28,905 

117 

3,690.18 

2,448.33 

66 

400.95 

840.90 

22 

74 

27,920 

25,690 

30,642 

119 

3,915.83 

2,581.84 

66 

406.06 

927.93 

23 

77 

34,480 

31,340 

36,835 

118 

4,617.90 

3,115.23 

67 

527.50 

975.17 

24 

69 

32,270 

30,560 

35,600 

116 

4,444.34 

3,014.79 

68 

500.22 

929.33 

25 

76 

41,360 

38 , 380 

42,749 

111 

6,443.89 

3,639.44 

67 

594.03 

1,210.42 

26 

65 

38,840 

34,840 

39,787 

114 

5,055.13 

3,370.99 

67 

584.34 

1,099.80 

27 

58 

36,890 

34,090 

36,555 

107 

4,677.57 

3,137.50 

67 

528.26 

1,011.81 

28 

66 

43,260 

39,790 

43,506 

109 

5,588.79 

3,707.86 

66 

625.50 

1,255.43 

29 

65 

46,430 

41,870 

47,755 

114 

6,065.77 

4,102.00 

68 

667.38 

1,296.39 

30 

51 

33,870 

35,170 

39,938 

114 

5,102.04 

3,429.63 

67 

634.78 

1,037.63 

31 

60 

51,020 

43,690 

49,758 

114 

6,623.80 

4,302.67 

65 

736.13 

1,585.00 

32 

54 

46,600 

41,170 

47,764 

116 

6,204.95 

4,099.25 

66 

672.49 

1,433.21 

33 

53 

47,180 

40,790 

47,999 

118 

6,276.70 

4,131.36 

66 

735.40 

1,409.94 

34 

54 

51,210 

45,910 

53,063 

116 

6,985.91 

4,581.61 

55 

785.77 

1,618.53 

35 

40 

40,820 

35,930 

41,990 

117 

5,513.25 

3,623.99 

66 

665.94 

1,223.32 

36 

38 

38,970 

34,050 

38,117 

112 

5,119.99 

3,305.52 

65 

570.39 

1,244.08 

37 

39 

45,720 

38,860 

45,194 

116 

5,857.97 

3,907.80 

67 

693.57 

1,256.50 

38 

30 

35,420 

28,270 

35,650 

126 

4,566.47 

3,088.55 

68 

550.21 

927.71 

39 

26 

35,780 

30,410 

34,279 

113 

4,670.90 

2,976.02 

64 

542.66 

1,152.22 

40 

22 

30 ,  380 

24,760 

30,771 

124 

3,838.30 

2,646.67 

69 

437.77 

753.86 

41 

20 

32,520 

27,740 

31,777 

115 

4,278.48 

2,747.60 

64 

482.91 

1,047.97 

42 

16 

25,410 

19,410 

22,369 

115 

3,152.78 

1,958.25 

62 

356.98 

837.55 

43 

11 

17,360 

15,470 

15,191 

98 

2,107.71 

1,334.57 

63 

243.73 

529.41 

44 

12 

19,140 

16,460 

17,022 

103 

2,396.47 

1,516.42 

63 

284.35 

595.70 

45 

17 

29,910 

24,090 

26,781 

111 

3,892.23 

2,318.74 

60 

385.72 

1,187.77 

46 

7 

11,620 

10,350 

10,062 

97 

1,433.88 

884.59 

62 

175.14 

374,15 

47 

8 

14,760 

12,820 

13,783 

108 

1,845.83 

1,202.90 

65 

224.02 

418.91 

48 

8 

15,740 

13,450 

14,514 

108 

1,954.99 

1,252.65 

64 

182.74 

519.60 

49 

4 

8,090 

6,970 

6,978 

100 

980.90 

621.09 

63 

115.91 

243.90 

50 

5 

10,070 

8,600 

9,494 

110 

1,245.12 

834.15 

67 

154.75 

256.22 

51 

3 

6,330 

4,200 

5,763 

137 

811.04 

497.27 

61 

103.70 

210.07 

52 

1 

2,020 

1,800 

1,910 

106 

249.84 

165.58 

66 

23.77 

60.49 

53 

1 

2.630 

1,870 

2,587 

138 

342.41 

222.23 

65 

50.57 

69.61 

54 

2 

4.640 

2,730 

2,616 

96 

565.88 

224.87 

40 

34.46 

306.55 

55 

0 

.. 

_- 

-_ 

_- 

-- 

-- 

__ 

-- 

-- 

56 

2 

4,120 

2,940 

2,827 

96 

509.49 

243.19 

48 

40.94 

225.36 

57 

0 

__ 

_- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

58 

1 

3,150 

1,760 

2,179 

124 

373.32 

185.25 

50 

21.29 

166.78 

59 

1 

3,270 

2,270 

3,224 

142 

399.35 

271.29 

68 

35.03 

93.03 

60 

0 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

61 

0 



._ 

-_ 

-- 

-- 

-- 

-- 

-- 

-- 

62 

1 

3,620 

2,940 

3,486 

119 

432.99 

291.87 

57 

38.41 

102.71 

Total   or 

2,035 

1,155,530 

1,019,770 

1,180,501 

116 

154,731.59 

101,065.25 

65 

17,364.80 

36,301.54 

average 

As  scaled  by  Bureau  of  Land  Management  scaler,  east-side  log  scaling  rules,  Scribner  Decimal  C  log  rule. 


—  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

-  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  14. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
No.  3  Sawmill  grade  sawn-length  logs 


Log 
scaling 
diameter 
(inches) 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

-    ■ . — — 

Cubic  volume 

Gross 

Net 

Volume 

Recovery 
ratioi/ 

Log 

Lumber 

Lumber  recov- 

.    -1/             Sawdust 
ery  ra  tioi.' 

Residue 

Boafd  feet   - 

Percent 

-    -   -   Cubic 

feet   -   -   - 

Percent 

-   -   -   -  Cubic 

feet 

6 

48 

1,100 

1,000 

1,605 

160 

325.42 

135.25 

42 

25.98 

164.19 

7 

35 

1,060 

1,010 

1,406 

139 

253.82 

117.94 

46 

23.32 

112.56 

8 

105 

3,170 

3,080 

5,231 

170 

914.96 

433.33 

47 

81.68 

399.95 

9 

123 

5,470 

5,220 

8,119 

156 

1,339.07 

674.12 

50 

127.35 

537.60 

10 

144 

8,440 

8,000 

11,262 

141 

1,745.80 

931.74 

53 

174.22 

639.84 

11 

152 

11,190 

10,440 

15,160 

145 

2,289.61 

1,260.67 

55 

234.29 

794.65 

12 

62 

5,410 

4,810 

7,459 

155 

1,132.75 

615.01 

54 

112.09 

405.65 

13 

69 

7,670 

6,880 

10,320 

150 

1,460.35 

856.62 

59 

152.22 

451.51 

14 

73 

8,990 

7,670 

11,769 

153 

1,707.10 

970.31 

57 

176.15 

560.64 

15 

85 

12,700 

11,270 

15,541 

138 

2,133.47 

1,288.22 

60 

221.72 

623.53 

16 

94 

16,560 

14,860 

21 ,403 

144 

2,791.37 

1,755.73 

63 

311.49 

724 . 1 5 

17 

74 

15,530 

13,360 

18,865 

141 

2,587.65 

1,582.36 

61 

264.07 

741.22 

18 

90 

21,650 

18,800 

24,633 

131 

3,329.72 

2,040.94 

61 

343.23 

945.55 

19 

80 

22,370 

19,120 

25,357 

133 

3,395.10 

2,094.54 

62 

350.08 

950.48 

20 

95 

30,000 

25,160 

32,980 

131 

4,320.01 

2,752.43 

64 

473.61 

1,093.97 

21 

66 

22,840 

19,940 

25,331 

127 

3,275.53 

2,097.57 

64 

374.00 

803.96 

22 

76 

28,720 

25,300 

31,833 

126 

4,139.80 

2,646.78 

64 

478.41 

1,014.61 

23 

59 

25,810 

21 ,880 

27,541 

126 

3,553.64 

2,327.30 

65 

411.87 

814.47 

24 

57 

26,020 

23,030 

28,599 

124 

3,625.43 

2,418.12 

67 

401.60 

805.71 

25 

64 

32,890 

28,110 

34,461 

123 

4,375.90 

2,914.38 

67 

482.07 

979.45 

26 

56 

31,500 

26,590 

32,659 

123 

4,174.38 

2,752.04 

66 

486.17 

936.17 

27 

55 

33,930 

28,440 

34,522 

121 

4,340.51 

2,940.52 

68 

515.48 

884.51 

28 

38 

26,090 

22,130 

26,311 

119 

3,386.84 

2,228.10 

66 

392.27 

766.47 

29 

42 

28,410 

25,320 

30,948 

122 

3,770.99 

2,642.58 

70 

487.64 

640.77 

30 

31 

22,490 

19,320 

22,586 

117 

2,973.34 

1,917.44 

64 

348.73 

707.17 

31 

32 

27,840 

23,170 

27,147 

117 

3,640.23 

2,335.99 

64 

382.66 

921.58 

32 

36 

29,900 

25,190 

31  ,049 

123 

3,985.24 

2,668.28 

67 

503.86 

813.10 

33 

20 

18,500 

15,820 

18,245 

115 

2,446.78 

1,576.34 

64 

278.08 

592.36 

34 

22 

20,030 

17,250 

20,797 

121 

2,735.09 

1,787.07 

65 

318.22 

629.80 

35 

16 

15,890 

13,470 

17,206 

128 

2,092.05 

1,450.27 

69 

249.85 

391.93 

36 

19 

21 ,250 

17,570 

21,969 

125 

2,830.53 

1,880.61 

66 

324.55 

625.37 

37 

9 

12,440 

10,380 

12,805 

123 

1,536.32 

1,104.43 

72 

191.20 

240.69 

38 

9 

10,790 

9,680 

9,692 

100 

1,337.06 

841.92 

63 

163.04 

332.10 

39 

12 

19,460 

15,520 

19,049 

123 

2,548.41 

1,629.84 

64 

303.35 

615.22 

40 

8 

10,800 

8,400 

9,098 

108 

1,341.58 

784.06 

58 

125.41 

432.11 

41 

6 

9,600 

7,480 

9,031 

121 

1,199.87 

784.96 

65 

162.06 

252.85 

42 

4 

5,540 

3,720 

4,575 

123 

743.91 

391.26 

53 

71.71 

280.94 

43 

4 

6,750 

3,830 

6,249 

163 

815.41 

535.97 

66 

67.31 

212.13 

44 

1 

1,110 

740 

922 

125 

129.61 

83.42 

64 

19.72 

26.47 

45 

8 

14,320 

8,660 

12,836 

148 

1,865.55 

1,119.21 

60 

193.93 

552.41 

46 

2 

3,370 

2,430 

3,135 

129 

415.03 

255.05 

61 

46.88 

113.10 

47 
48 

3 

0 

6,540 

3,230 

4,979 

154 

895.59 

418.37 

47 

87.97 

389.25 

49 
50 

0 
3 

5,610 

3,210 

4,450 

139 

722.53 

387.87 

54 

72.22 

262.44 

51 

1 

2,430 

1,940 

2,040 

105 

324.45 

171.06 

53 

21.56 

131.83 

52 

1 

2,530 

1,640 

2,402 

146 

318.23 

207.56 

65 

41.10 

69.57 

53 

1 

2,370 

1,220 

2,363 

194 

302.61 

201.10 

66 

22.42 

79.09 

54 
55 
56 

1 
0 
1 

2,180 

1,170 

1,600 

137 

264.01 

145.74 

55 

35.14 

83.13 

2,940 

1,770 

3,165 

179 

441.90 

271.59 

61 

57.36 

112.95 

Total   or 

2,092 

702,200 

588,230 

750,705 

128 

100,274.55 

63,426.01 

63 

11,189.34 

25,659.20 

average 

—  As  scaled  by  Bureau  of  Land  Management  scaler,  east-side  log  scaling  rules,  Scribner  Decimal   C  log  rule. 

2/ 

—  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

—  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 


25 


Table  15. --Log  scale,  lumber  tally,  and  cubic 

volumes  by  scaling  diameters. 

all  c 

rades  of 

sawn-length  logs 

Log 

Number 
of 
logs 

Log  scale- 

Lumber 

tally 

Cubic  volume 

seal i  ng 

diameter 

(inches) 

Gross 

Net 

Vol ume 

Recovery 
ratiol/ 

Log 

Lumber 

Lumber  recov- 
ery ratiol/ 

Sawdust 

Residue 

Board  feet   - 

Peraent 

-    -    -   Cubic  feet   -   -    - 

Percent 

-   -   -   -   -  Cubic  feet   

6 

48 

1,100 

1,000 

1,605 

160 

325.42 

135.25 

42 

25.98 

164.19 

7 

35 

1,060 

1,010 

1,405 

139 

253.82 

117.94 

45 

23.32 

112.55 

8 

105 

3,170 

3,080 

5,231 

170 

914.96 

433.33 

47 

81.68 

399.95 

9 

123 

5,470 

5,220 

8,119 

156 

1,339.07 

674.12 

50 

127.35 

537.50 

10 

144 

8,440 

8,000 

11,262 

141 

1,745.80 

931.74 

53 

174.22 

539.84 

11 

152 

11,190 

10,440 

15,160 

145 

2,289.51 

1,260.67 

55 

234.29 

794.55 

12 

168 

14,550 

13,630 

19,348 

142 

2,800.04 

1,605.83 

57 

291.11 

903.10 

13 

171 

18,640 

17,410 

24,202 

139 

3,397.21 

2,005.18 

59 

351.74 

1,040.29 

14 

182 

22,830 

20,850 

29,822 

143 

4,118.22 

2,461.08 

60 

437.74 

1,219.40 

15 

167 

25,930 

23,710 

30,879 

130 

4,245.54 

2,559.29 

50 

437.73 

1,249.52 

16 

194 

35,240 

32,600 

44,287 

136 

5,708.51 

3,558.55 

54 

533.10 

1,416.85 

17 

161 

33,880 

30,860 

40,649 

132 

5,439.04 

3,400.70 

53 

561.82 

1,476.52 

18 

194 

46,920 

42,840 

54,419 

127 

7,127.84 

4,522.05 

53 

761.39 

1,844.39 

19 

176 

48,000 

42,980 

54,439 

127 

7,191.93 

4,530.83 

53 

752.10 

1,909.00 

20 

206 

66,090 

59,050 

72,349 

123 

9,377.28 

6,068.88 

55 

1,025.96 

2,282.44 

21 

169 

59,480 

54,360 

65,480 

120 

8,446.45 

5,498.99 

65 

935.51 

2,011.95 

22 

174 

66,380 

6,000 

73,243 

122 

9,459.22 

5,141.38 

55 

1,050.79 

2,257.05 

23 

174 

75,840 

67,450 

80,889 

120 

10,378.11 

6,831.68 

56 

1,172.81 

2,373.62 

24 

160 

75,340 

69,390 

82,318 

119 

10,540.07 

6,973.22 

65 

1,192.53 

2,374.22 

25 

167 

88,600 

79,280 

91,545 

115 

11,873.73 

7,752.31 

55 

1,291.95 

2,819.47 

26 

161 

92,070 

81,270 

94,512 

115 

12,212.87 

8,003.61 

55 

1,389.70 

2,819.56 

27 

146 

92,750 

82,750 

92,916 

112 

11,988.22 

7,938.71 

55 

1,358.09 

2,681.42 

28 

142 

93,950 

84,400 

94,237 

112 

12,385.94 

8,027.53 

55 

1,384.84 

2,973.57 

29 

137 

94,690 

85,110 

99,787 

117 

12,565.60 

8,552.70 

68 

1,489.12 

2,623.78 

30 

111 

82,500 

73,450 

83,450 

114 

11,008.21 

7,158.90 

55 

1,293.21 

2,555.10 

31 

119 

101,100 

85,590 

98,980 

114 

13,264.90 

8,542.28 

54 

1,441.19 

3,281.43 

32 

121 

100,880 

88,580 

101,960 

115 

13,480.12 

8,756.21 

65 

1,514.12 

3,209.79 

33 

111 

98,370 

85,240 

98,467 

116 

13,329.19 

8,482.51 

64 

1,507.25 

3,339.33 

34 

100 

93,930 

83,490 

95,936 

115 

12,911.67 

8,285.09 

64 

1,435.61 

3,189.97 

35 

96 

95,360 

83,380 

97,586 

117 

13,075.09 

8,409.94 

64 

1,514.10 

3,151.05 

36 

81 

84,490 

72,850 

83,072 

114 

11,209.42 

7,187.99 

64 

1,245.54 

2,775.79 

37 

77 

90,700 

77,770 

89,050 

115 

11,679.17 

7,707.85 

66 

1,353.82 

2,607.50 

38 

67 

80,510 

66,230 

78,218 

118 

10,757.02 

5,746.53 

63 

1,207.58 

2,802.81 

39 

60 

83,050 

70,750 

81,535 

115 

11,091.82 

7,068.25 

54 

1,304.08 

2,719.48 

40 

55 

75,140 

51,560 

72,644 

118 

9,553.45 

5,298.63 

55 

1,119.95 

2,134.87 

41 

44 

66,890 

55,890 

52,753 

112 

8,857.41 

5,455.05 

52 

976.20 

2,426.16 

42 

37 

54,580 

43,990 

49,713 

113 

6,919.25 

4,330.24 

63 

777.45 

1,811.56 

43 

37 

59,400 

50,040 

54,016 

108 

7,517.75 

4,595.08 

62 

797.02 

2,025.56 

44 

28 

44,090 

37,520 

40,148 

107 

5,679.85 

3,532.00 

52 

657.81 

1,490.04 

45 

36 

53,670 

50,130 

59,614 

119 

8,352.88 

5,172.29 

62 

892.09 

2,288.50 

46 

20 

32,450 

28,410 

29,705 

105 

4,149.03 

2,590.20 

62 

485.39 

1,073.44 

47 

22 

40,370 

32,820 

37,550 

115 

5,344.32 

3,288.47 

62 

515.30 

1,439.55 

48 

20 

40,240 

35,010 

37,477 

107 

5,274.39 

3,267.47 

62 

537.77 

1,469.15 

49 

13 

26,850 

23,750 

25,955 

109 

3.521.97 

2,259.41 

64 

356.33 

906.23 

50 

14 

25,450 

21,520 

23,385 

109 

3,342.29 

2,060.75 

62 

381.75 

899.77 

51 

8 

17,520 

14,380 

17,087 

119 

2,288.41 

1,450.26 

64 

238.29 

589.86 

52 

9 

18,450 

14,530 

15,033 

110 

2,366.50 

1,401.75 

59 

254.75 

710.00 

53 

5 

11,570 

7,580 

10,379 

137 

1,511.93 

898.57 

56 

157.41 

555.95 

54 

8 

18,010 

14,150 

14,736 

104 

2,301.55 

1,284.02 

56 

212.95 

804 . 59 

55 

4 

12,430 

11,350 

11,550 

103 

1,528.03 

1,003.09 

62 

137.65 

487.29 

56 

4 

9,560 

6,550 

7,828 

120 

1,280.02 

567.95 

52 

123.05 

489.02 

57 

2 

4,570 

4,020 

4,445 

111 

593.07 

381.29 

64 

53.37 

158.41 

58 

1 

3,150 

1,750 

2,179 

124 

373.32 

185.25 

50 

21.29 

156.78 

59 
60 
61 

3 
0 
0 

9,150 

7,480 

8,750 

117 

1,147.87 

754.85 

66 

122.57 

270.45 



__ 

__ 

__ 

__ 

__ 

__ 

.. 

-. 

62 

1 

3,620 

2,940 

3,485 

119 

432.99 

291.87 

57 

38.41 

102.71 

63 

0 

__ 

_- 

-_ 

_- 

-- 

-- 

-- 

-- 

-- 

64 

2 

7,740 

5,890 

7,245 

105 

1,011.13 

621.84 

51 

95.82 

293.47 

65 

1 

3,190 

2,800 

2,672 

95 

434.52 

228.55 

53 

31.33 

174.74 

66 

0 

__ 

__ 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

67 

0 

__ 

.. 

.. 

.. 

-- 

-- 

-- 

-- 

-- 

58 

1 

4,370 

3,480 

3,525 

101 

523.85 

293.12 

47 

40.50 

290.23 

Total   or 

4,974 

2,646,160 

2,303,590 

2,699,546 

117 

362,538.12 

230,863.25 

54 

40,148.14 

91,526.72 

average 

2/ 


As  scaled  by  Bureau  of  Land  Management  scaler,  east-side  log  scaling  rules,  Scribner  Decimal  C  log  rule. 
Lumber  tally  volume  as  percentage  of  net  scale  volume. 
Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  16. --Lumber  grade  yields  by  scaling  diameter,  No.  1  Peeler  grade  sawn-length  logs 


.og 
il  ing 
imeter 
iches) 

Number 

of 

logs 

Lumber 
tally 
vol ume 

Lumber 

grades 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.    1 
Shop 

No.   2 
Shop 

No,    3 
Shop 

Select 
struc- 
tural!/ 

Construc- 
tion 

Standard 

Utility 

Economy 

Board  fee 
551 

_      _     _     _     p^-r^,>oy,t- 

of  Iwrher   tally   i 
6.90           3.99 

, 

30 
31 
32 

1 
0 
3 

14.52 

24.14 

5,26 

0 

3.63 

1.63 

26.68 

3.99 

2,00 

3,45 

3.81 

2,701 

4.11 

27.32 

3,15 

0 

11.66 

8.03 

9.29 

,89 

17.07 

10.40 

2,22 

3.63 

2.22 

33 

2 

2,110 

15.82 

26.73 

14.69 

0 

0 

0 

0 

0 

15,73 

13.36 

1.90 

9.19 

1.56 

34 

1 

928 

6.47 

34.91 

3.02 

0 

0 

0 

0 

0 

31  .47 

5,60 

7.44 

9,48 

1.62 

35 

4 

3,475 

17.90 

20.06 

3.77 

.81 

2.76 

1.29 

6.85 

,75 

20,75 

10,73 

3,60 

7,54 

3.19 

36 

2 

1,956 

40.18 

10.63 

2.51 

0 

2.56 

8.18 

10.22 

0 

8,28 

7,82 

1,74 

7,26 

.61 

37 

2 

1,965 

46.62 

10.89 

.61 

.15 

7.89 

6.36 

.61 

1,12 

11,81 

5,14 

4,83 

3.16 

.81 

38 

3 

2,891 

28.19 

25.84 

10.24 

0 

0 

0 

0 

0 

7,40 

11.80 

4.70 

9,55 

2.28 

39 

1 

1,096 

3.65 

23.91 

14.05 

0 

0 

0 

0 

0 

22,99 

9.49 

3,56 

11,68 

10.68 

40 

1 

1,251 

0 

11.42 

23.55 

0 

0 

0 

0 

0 

0 

26.96 

9,12 

23,31 

5.63 

41 

4 

4,731 

19.51 

22.57 

13.95 

0 

.78 

.95 

5.07 

,59 

10,91 

7.00 

6,66 

8,75 

3.26 

42 

3 

3,741 

38.09 

18.60 

10.91 

6.34 

2.14 

1.07 

2,35 

.99 

5,45 

6.34 

1,31 

4.36 

2.06 

43 

3 

3,413 

30.82 

18.14 

3.11 

9.96 

3.81 

4.92 

4,66 

2,55 

9.76 

4.28 

1,76 

3.63 

2.61 

44 
45 
46 

3 
0 
3 

4,593 

26.50 

29.78 

8.75 

0 

5.42 

1.76 

1,18 

1,74 

4.99 

6.62 

3,92 

6.92 

2.42 

5,094 

42.34 

14.25 

1.94 

0 

6.48 

5.77 

1,35 

0 

12,86 

5.40 

1,55 

5.06 

2.98 

47 

2 

3,050 

50.16 

12.82 

5.28 

15.08 

.89 

0 

1,08 

,33 

5,87 

3,97 

1,15 

2.85 

.52 

48 

2 

3,257 

27.42 

7.71 

1.32 

0 

4.82 

14.03 

18,21 

3,22 

3,93 

9,24 

5,07 

3.87 

1.17 

49 

3 

5,015 

44.43 

19.84 

4.37 

0 

1.75 

1.44 

1,97 

1.44 

10,11 

5.50 

4,95 

3.27 

.94 

50 
51 
52 
53 
54 

1 
0 
3 
0 

1 

1,989 

24.53 

32.13 

2.16 

0 

3.52 

2.92 

12,27 

0 

4,58 

11.11 

1,61 

4.07 

1.11 

6,052 

49.77 

16.89 

3.26 

6.38 

0 

.21 

1,52 

0 

4,44 

4,53 

6,11 

5.11 

1,78 

1,850 

26.97 

29.08 

15.14 

18.59 

0 

0 

1,89 

.32 

0 

2,49 

0 

3.89 

1.62 

55 
56 
57 
58 
59 
60 
61 
62 

1 
0 
1 
0 
0 
0 
0 
0 

3,855 

68.77 

10.40 

2.67 

0 

6.38 

1.89 

,26 

0 

5,19 

1,09 

,60 

1.87 

.88 

2,648 

60.12 

18.28 

2.72 

0 

4.04 

1.02 

1,21 

0 

6.42 

2,49 

,42 

3.29 

0 

63 
64 
65 
66 
67 
68 

0 
0 
0 
0 
0 

1 

3,526 

44.07 

28.16 

3.91 

1.64 

0 

0 

0 

0 

2.21 

2,67 

4,03 

5.30 

8.00 

tal    or 

averag 

e     51 

71,748 

34.85 

19,82 

6.02 

2.59 

3.01 

2.63 

3,47 

.72 

8.88 

6,67 

3,39 

5.61 

2.34 

Includes  1-inch  Select  Merchantable  lumber. 
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Table  17. --Lumber  grade  yields  by  scaling  diameter,  No.  2  Peeler  grade  sawn-length  logs 


Log 

Number 
of 
logs 

Lumber 

tally 

volume 

Lumber  grades 

scaling 

diameter 

(inches) 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.   1 
Shop 

No.   2 
Shop 

No.   3 
Shop 

Select 
Struc- 
tural]/ 

Construc- 
tion 

Standard 

Utility 

Economy 

30 

6 

Board  feet 
4,065 

10.73 

13.48 

3.44 

0 

-   -   -   Pe 
11.14 

raent   of 
8.51 

lumber 
5.19 

talhj 
0.79 

volume   ~   - 
13.58 

17.93 

6.91 

5.78 

2.51 

31 

5 

4,454 

17.09 

20.21 

2.42 

.27 

6.31 

3.64 

2.74 

.45 

18.52 

12.19 

3.30 

4.83 

8.04 

32 

10 

6,215 

10.78 

24.01 

5.31 

.79 

3.20 

2.08 

5.70 

.51 

15.14 

12.42 

6.19 

11.13 

2.74 

33 

3 

2,458 

12,21 

9.44 

7.28 

1.10 

14.69 

3.78 

3.86 

.81 

9.07 

16.11 

8.58 

11.51 

1.55 

34 

7 

4,824 

18.18 

10.12 

1.00 

.95 

11.71 

7.77 

4.31 

.79 

10.34 

16.19 

6.80 

8.77 

3.07 

35 

8 

7,375 

9.03 

8.15 

7.28 

2.10 

6.47 

6.39 

7.17 

1.08 

12.57 

17.07 

8.14 

11.21 

3.34 

36 

3 

3,054 

11.10 

18.43 

4.29 

0 

4.98 

5.89 

7.24 

.43 

14.34 

16.14 

9.23 

6.35 

1.57 

37 

10 

10,895 

20.48 

12.57 

6.76 

.02 

6.32 

5.90 

3.77 

3.52 

11.88 

14.94 

5.96 

5.78 

2.09 

38 

6 

7,138 

13.86 

10.72 

7.92 

.34 

5.62 

6.09 

4.85 

1.33 

10.51 

14.04 

12.45 

6.58 

5.70 

39 

8 

9,426 

33.32 

19.15 

5.00 

2.79 

2.37 

1.46 

.62 

.11 

11.39 

12.03 

4.42 

4.68 

2.66 

40 

5 

5,696 

23.15 

24.39 

2.97 

5.32 

.12 

.56 

.25 

.47 

18.94 

9.43 

9.18 

4.49 

.72 

41 

5 

6,646 

19.41 

18.57 

3.37 

7.66 

7.54 

5.40 

2.95 

1.31 

11.80 

8.02 

6.02 

6.62 

1.34 

42 

2 

2,816 

4.33 

14.60 

21.13 

0 

0 

0 

.82 

0 

6.04 

22.94 

11.33 

15.87 

2.95 

43 

7 

10,084 

27.43 

19.71 

4.70 

0 

7.26 

3.90 

4.50 

.54 

13.12 

7.00 

6.17 

4.06 

1.62 

44 

4 

5.429 

19.67 

26.93 

4.77 

12.16 

4.60 

6.47 

3.78 

.85 

4.37 

5.89 

2.93 

4.95 

2.63 

45 

5 

8,179 

36.97 

25.85 

6.14 

4.41 

2.68 

2.97 

2.79 

1.16 

4.40 

4.49 

2.38 

2.98 

2.78 

46 

3 

4,356 

31.45 

14.10 

3.63 

0 

8.65 

7.58 

8.61 

.16 

8.93 

4.80 

6.68 

4.45 

.96 

47 
48 
49 

3 
0 

1 

4,958 

57.12 

12.12 

2.26 

0 

5.95 

2.54 

.61 

0 

5.43 

5.65 

3.55 

2.90 

1.88 

2,632 

34.23 

27.77 

2.62 

0 

6.53 

2.47 

2.09 

1.06 

5.05 

10.87 

3.50 

2.20 

1.60 

50 

1 

1,411 

15.80 

11.55 

.71 

0 

28.70 

16.09 

9.64 

0 

1.98 

4.18 

3.97 

5.10 

2.27 

51 
52 

53 

1 
0 
1 

1,916 

27.35 

13.67 

2.77 

0 

10.23 

8.87 

10.28 

.63 

8.46 

5.43 

2.19 

7.93 

2.19 

1,879 

32.57 

24.32 

2.24 

0 

6.28 

3.30 

3.73 

0 

3.57 

7.08 

3.99 

10.64 

2.29 

54 

2 

3,062 

34.36 

17.93 

2.48 

0 

2.42 

9.37 

5.55 

1.40 

10.12 

6.27 

3.63 

4.74 

1.73 

55 
56 
57 
58 
59 
60 

2 
0 
1 
0 
0 
0 

5,618 

36.72 

34.66 

2.97 

0 

.80 

1.10 

.59 

0 

6.78 

4.50 

.11 

9.95 

1.82 

1,797 

62.60 

16.58 

1.22 

0 

8.35 

.67 

1.28 

1.95 

4.62 

1.28 

.39 

.39 

.67 

61 
62 
63 

64 

0 
0 
0 

1 

3,643 

32.75 

15.07 

.65 

0 

10.49 

6.26 

4.28 

.25 

5.98 

3.49 

3.84 

13.23 

3.7l' 

65 

1 

2,672 

43.04 

25.94 

8.31 

0 

5.35 

1.50 

1.38 

2.62 

3.48 

1.38 

.94 

3.85 

2.21 

Total  or 
average 


111  132,698 


24.90 


18.26 


4.84 


1.82 


5.93         4.49         3.74 


.93         10.26 


10.21 


5.60 


6.47 


2.56 


—    Includes   1-inch  Select  Merchantable  lumber. 
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Table  18. --Lumber  grade  yields  by  scaling  diameter,  No.  3  Peeler  grade  sawn-length  logs 


Log 

Lumber  grades 

Number 
of 
logs 

Lumber 

tally 

volume 

cal  ing 

iameter 

inches) 

B   &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.    1 
Shop 

No.    2 
Shop 

No.    3 
Shop 

Select 
Struc- 
tural!/ 

Construc- 
tio" 

Standard 

Utility 

Economy 

f 

loard  feet 
18,119 

_     -     -     -    Pe-n^'^y^i-     r>f     Ijjmhay 

'hnT.'Li-i    jjo^ "^^'^    —    —    . 

24 

34 

4.77 

9.33 

7.13 

4.85 

0.40 

0.52 

0.98 

0.36 

30.97 

23.89 

9.07 

5.19 

1.53 

25 

27 

14,335 

7.19 

12.35 

5.46 

1.88 

.24 

.24 

1.07 

.52 

25.91 

23.08 

8.72 

8.02 

5.32 

26 

40 

22,066 

6.39 

10.74 

5.75 

4.72 

1.28 

.63 

.91 

.87 

24.72 

23.80 

9.75 

7.28 

3.16 

27 

33 

21,839 

8.86 

13.19 

6.20 

1.09 

1.57 

.17 

1.35 

.15 

24.22 

25.53 

7.63 

7.59 

2.45 

28 

38 

24,420 

8.56 

12.45 

3.71 

4.49 

2.34 

3.07 

2.00 

.61 

23.58 

21.99 

7.62 

7.32 

2.27 

29 

30 

21,084 

8.47 

13.98 

6.10 

3.26 

2.49 

2.00 

3.34 

.59 

15.89 

21.90 

9.10 

9.10 

3.76 

30 

22 

16,320 

8.00 

14.20 

5.48 

6.28 

2.79 

2.79 

2.82 

.27 

21.10 

16.85 

6.53 

9.03 

3.85 

31 

22 

17,621 

12.71 

11.89 

4.38 

4.39 

2.83 

3.67 

3.37 

.47 

20.26 

19.15 

8.84 

5.28 

2.75 

32 

18 

14,231 

9.76 

11.72 

5.11 

2.39 

3.06 

2.71 

3.96 

.87 

22.63 

21.66 

5.33 

6.79 

3.99 

33 

33 

27,655 

16.75 

9.82 

5.28 

4.11 

3.27 

2.76 

3.87 

1.91 

11.39 

17.48 

7.73 

11.15 

4.47 

34 

16 

16,324 

17.28 

15.44 

4.01 

5.87 

3.60 

2.68 

3.00 

.82 

14.54 

17.81 

6.04 

5.91 

3.00 

35 

28 

27,640 

12.75 

16.33 

4.54 

6.19 

3.35 

2.00 

3.34 

.84 

15.46 

13.66 

8.60 

9.36 

3.58 

36 

19 

17,976 

14.65 

13.07 

3.76 

7.43 

2.68 

5.60 

7.15 

1.67 

16.22 

13.25 

5.27 

6.86 

2.39 

37 

17 

18,191 

16.46 

13.17 

7.64 

5.16 

3.66 

3.63 

4.20 

.47 

10.57 

15.87 

6.71 

7.16 

5.30 

38 

19 

22,847 

22.15 

16.35 

4.84 

1.76 

2.66 

2.28 

2.71 

.25 

11.00 

13.69 

8.51 

10.01 

3.80 

39 

13 

17,686 

18.29 

19.95 

5.18 

9.56 

3.86 

2.76 

3.13 

.62 

13.63 

10.69 

4.08 

6.16 

2.11 

40 

19 

25,818 

24.90 

16.92 

7.21 

8.55 

1.84 

2.13 

3.71 

1.12 

7.80 

11.39 

4.42 

6.44 

3.58 

41 

9 

10,558 

22.37 

16.00 

3.67 

8.35 

3.63 

3.20 

2.46 

.62 

12.99 

9.60 

3.20 

11.24 

2.67 

42 

12 

16,212 

14.32 

17.94 

7.03 

8.12 

2.53 

3.34 

4.40 

.44 

7.97 

13.36 

6.27 

8.59 

5.69 

43 

12 

19,079 

26.64 

18.63 

8.51 

4.39 

1.63 

2.21 

3.55 

.90 

5.77 

8.61 

7.08 

7.83 

4.27 

44 

8 

12,182 

24.64 

17.73 

8.13 

6.39 

0 

0 

.26 

.37 

8.87 

8.55 

6.49 

14.92 

3.64 

45 

6 

11,818 

16.24 

12.46 

4.80 

4.63 

2.82 

2.16 

2.57 

.74 

7.05 

13.60 

15.32 

15.21 

2.43 

46 

5 

7,058 

8.44 

10.44 

6.49 

15.63 

4.82 

4.35 

6.53 

4.99 

5.89 

9.83 

6.22 

10.50 

5.87 

47 

6 

10,880 

17.05 

15.56 

6.31 

17.56 

2.58 

6.46 

5.28 

1.08 

7.42 

8.48 

4.35 

4.72 

3.16 

48 

10 

19,706 

25.83 

23.97 

8.77 

6.27 

1.09 

1.61 

1.62 

.06 

8.57 

7.69 

4.06 

6.98 

3.48 

49 

5 

11,330 

25.75 

20.79 

4.62 

.51 

3.26 

2.56 

3.92 

.14 

12.99 

7.21 

4.21 

6.95 

7.09 

60 

4 

6,042 

30.98 

14.71 

4.77 

10.69 

3.26 

4.50 

7.98 

.91 

4.60 

4.17 

3.82 

6.72 

2.88 

51 

3 

7,368 

46.63 

23.62 

1.90 

.05 

2.54 

.12 

.30 

0 

8.58 

5.93 

4.26 

4.42 

1.64 

52 

4 

5,669 

23.83 

18.42 

5.13 

4.50 

6.46 

5.34 

9.98 

2.33 

2.88 

6.03 

3.10 

6.81 

5.19 

53 

2 

3,550 

24.37 

13.49 

4.56 

13.86 

6.62 

5.18 

5.35 

.11 

3.61 

3.04 

2.34 

15.21 

2.25 

54 

2 

5,608 

43.85 

18.49 

4,10 

.34 

7.38 

2.35 

.53 

0 

8.10 

8.56 

1.03 

3.03 

2.23 

55 

1 

2,177 

67.71 

16.08 

0 

0 

1.06 

.60 

0 

0 

4.13 

2.99 

3.31 

3.31 

.83 

56 
57 

1 
0 

1,836 

72.88 

17.10 

0 

0 

.38 

0 

.60 

0 

3.43 

1.74 

1.58 

1.91 

.38 

58 
59 
60 
61 

0 
2 

0 

0 

5,526 

30.44 

12.69 

1.01 

0 

12.54 

11.27 

4.11 

.47 

7.82 

4.25 

2.77 

7.51 

5.12 

62 
63 
64 

0 
0 

1 

3,602 

51.10 

17.13 

2.75 

1.44 

0 

0 

0 

0 

1.72 

1.75 

2.75 

6.33 

5.02 

otal   or 

521 

504,383 

17.29 

14.94 

5.55 

5.33 

2.64 

2.51 

3.10 

.75 

14.54 

15.04 

6.75 

8.03 

3.54 

averag 

e 

—    Includes  1-inch  Select  Merchantable  lumber. 


Table  19. --Lumber  grade  yields  by  scaling  diameter,  Special  Peeler  grade  sawn-length  logs 


Log 

Number 
of 
logs 

Lumber 

tally 

volume 

Lumber  grades 

cal ing 

iameter 

inches) 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.   1 
Shop 

No.   2 
Shop 

No.   3 
Shop 

Select 
Strucy 
turali/ 

Construc- 
tion 

Standard 

Utility 

Economy 

Board  feet     ----------------------  Percent  of  lumber  tally  volume 


18 
19 
20 
21 
22 
23 


21 

5,333 

0.66 

3.04 

2.63 

1.24 

26 

7,324 

1.46 

3.93 

3.06 

4.11 

25 

8,329 

.73 

4.36 

3.77 

3.83 

30 

11,244 

2.88 

9.93 

5.54 

2.33 

24 

10,768 

2.81 

8.47 

4.86 

3.68 

38 

16,513 

4.06 

9.02 

4.98 

2.28 

0 

0.79 

0.64 

43.75 

26.68 

8.59 

.27 

.10 

1.28 

1.02 

41.15 

25.27 

9.75 

.38 

1.07 

2.31 

.60 

33.61 

28.90 

10.36 

.10 

.46 

1.60 

.29 

36.05 

21.74 

8.70 

.34 

.07 

.86 

.35 

35.22 

23.75 

10.22 

.16 

.27 

1.19 

.22 

36.23 

20.23 

9.80 

9.56 

2.44 

6.24 

2.35 

7.53 

2.56 

8.43 

1.93 

6.65 

2.70 

9.03 

2.53 

otal   or       164 
average 


59,511 


2.52 


7.28 


4.45 


.34 


1.34 


.45 


36.93 


9.63 


7.98 


2.42 


1/ 


Includes  1-inch  Select  Merchantable  lumber. 
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Table  20. --Lumber  grade  yields  by  scaling  diameter.  No.  2  Sawmill  sawn-length  logs 


Log 

Number 
of 
logs 

Lumber 

tally 

volume 

Lumber  grades 

scaling 

diameter 

(inches) 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.    1 
Shop 

No.    2 
Shop 

No.    3 
Shop 

Select 
Struc- 
tural!/ 

Construc- 
tion 

Standard 

Utility 

Economy 

Board  feet 







Percent  of 

lumber'  ta 

T-y 

volume   -   - 

12 

106 

11,889 

0.46 

0.72 

0.85 

0.42 

0 

0.26 

0.14       0 

13 

25.40 

45.64 

16.70 

7.42 

1,85 

13 

102 

13,882 

.04 

.86 

1.14 

.48 

0 

.12 

.12       0 

25.48 

46.75 

16.27 

6.51 

2.23 

14 

109 

18,053 

.10 

.82 

.87 

.99 

.08 

0 

.07 

59 

22.31 

42.35 

19.16 

10.23 

2.43 

15 

82 

15,338 

.08 

1.22 

1.50 

,72 

0 

.18 

.26 

65 

24.86 

42.50 

14.81 

9.53 

3.70 

16 

100 

22,884 

.50 

1.19 

1.64 

,50 

.06 

.07 

,41 

43 

24.59 

40.40 

18.76 

8,22 

3.22 

17 

87 

21 ,784 

.17 

1.95 

1,16 

,78 

.03 

.32 

,93 

48 

31.36 

39.51 

14.45 

7,29 

1.57 

18 

83 

24,453 

.11 

1.21 

1.17 

,81 

0 

.32 

1.41 

45 

22.74 

44,11 

17.15 

8,45 

2.07 

19 

70 

21,758 

.49 

1.21 

1.20 

1.12 

.02 

.24 

.74 

58 

24.84 

43.48 

15.81 

8,30 

1.95 

20 

86 

31,040 

.73 

1.90 

1.78 

1.12 

.10 

.74 

1.70 

61 

25.16 

37.02 

18.43 

8,12 

2.59 

21 

73 

28,905 

1.03 

2.52 

2.20 

2.04 

.10 

.66 

2.16 

58 

20.84 

40.07 

15.66 

9.80 

2.34 

22 

74 

30,642 

.52 

2.15 

1.61 

1,44 

.12 

.41 

2.63 

38 

23.61 

39.62 

15.52 

9.20 

2.80 

23 

77 

36,835 

1.92 

3.19 

2.44 

1,27 

,14 

.93 

2.83 

32 

19.69 

35.79 

15.51 

12.16 

3.81 

24 

69 

35,600 

1.92 

3.30 

2.50 

1,69 

,60 

1.50 

3.11 

89 

20.23 

37.90 

14.57 

9.26 

2.53 

25 

76 

42,749 

2.52 

3.95 

3.25 

1,46 

,68 

1.58 

3.56 

66 

18.38 

35.91 

14.32 

10.22 

3.51 

26 

65 

39,787 

3.06 

4.14 

3.24 

2,49 

.35 

1,72 

3.72 

47 

19.52 

33.40 

14.92 

11.92 

.05 

27 

58 

36,555 

2.50 

5.34 

2.80 

3.43 

.91 

3,88 

3.66 

77 

15.75 

31.39 

16.05 

10.60 

2.94 

28 

66 

43,506 

1.86 

5.37 

3.28 

2,24 

1.39 

2.96 

3.79 

38 

16.29 

27,30 

15.15 

13.58 

6.41 

29 

65 

47,755 

2.82 

7.00 

3.70 

2,20 

2.23 

4.12 

3.82        1 

02 

19.33 

27,94 

13.09 

9.05 

3.66 

30 

51 

39,938 

3.59 

5.33 

4.13 

5.20 

1.85 

4.38 

5.90 

56 

13.29 

25,40 

13.47 

12.35 

4.56 

31 

60 

49,758 

5.01 

7.39 

5.07 

3.47 

2,04 

4.51 

5.57       1 

06 

13.22 

25,33 

12.94 

10.89 

3.50 

32 

54 

47,764 

5.30 

6.20 

3.31 

2.54 

1.56 

3.04 

5.47       1 

25 

15.00 

23.62 

14.77 

13.33 

4.60 

33 

53 

47,999 

5.49 

8.19 

5,48 

4.98 

1.02 

2.72 

6.23        1 

33 

13.45 

19.24 

13.98 

12.74 

5.15 

34 

54 

53,063 

9.73 

9.31 

4.44 

3.96 

2.34 

3.77 

5.11 

53 

11.73 

19.13 

13.58 

12.94 

3.44 

35 

40 

41,990 

8.90 

10.09 

7.10 

3.65 

1.21 

2.98 

4.24 

93 

13.04 

18.72 

10.81 

14.93 

3.39 

36 

38 

38,117 

6.86 

8.14 

4.71 

3.37 

2.54 

5.37 

7.02       1 

88 

8.90 

20.69 

10.65 

14.03 

5.82 

37 

39 

45,194 

6.01 

9.69 

5.30 

5.11 

1.61 

4.54 

5.68       1 

68 

9.59 

22.50 

12.18 

11.71 

4.42 

38 

30 

35,650 

7.02 

10.52 

6.42 

3.87 

1.37 

4.62 

4.39 

86 

8.44 

19.31 

12.90 

13.59 

6.70 

39 

26 

34,279 

7.89 

12.03 

4.58 

5.11 

2.70 

5,11 

5.04       1 

00 

8.61 

21.24 

11.44 

10.56 

4.69 

40 

22 

30,771 

10.48 

6.04 

5.09 

3.28 

2.94 

5.13 

6.29       1 

40 

10.43 

12.97 

11,82 

18.49 

5.65 

41 

20 

31,777 

8.64 

15.34 

6.18 

5.60 

2.12 

2.82 

2.97 

87 

7.10 

17.33 

14.10 

12.09 

4.81 

42 

16 

22,369 

8.40 

12.25 

5.15 

2.84 

1.45 

3.63 

7.54       1 

67 

12.38 

14.99 

9.52 

12.59 

7.60 

43 

11 

15,191 

6.76 

8.72 

5.61 

6.70 

5.83 

9.10 

12.32       2 

87 

6.46 

10.19 

10,00 

12.38 

3.05 

44 

12 

17,022 

11.09 

13.52 

5.53 

7,05 

3.64 

6.50 

10.03        1 

29 

6.47 

12.30 

10.26 

8.78 

3.54 

45 

17 

26,781 

10.96 

13.41 

6,75 

1.69 

5.25 

2.58 

3.32 

85 

9.17 

18.28 

9.14 

14.26 

4.34 

46 

7 

10,062 

6.97 

11.36 

4,26 

11.62 

4.85 

7.98 

9.28        1 

52 

4.61 

10.84 

7.43 

13.04 

6.23 

47 

8 

13,783 

18.31 

14.17 

9,08 

4,90 

1.85 

5.00 

4.52       2 

07 

7.50 

7.79 

7.35 

11.85 

5.61 

48 

8 

14,514 

15.88 

15.76 

6.68 

.59 

3.85 

2.70 

3.41 

30 

11.24 

13.47 

11.49 

11.38 

3.24 

49 

4 

6,978 

11.68 

14,09 

6.69 

5,88 

8.25 

8.00 

12.50 

90 

6.74 

7.52 

6.19 

8,81 

2.75 

50 

5 

9,494 

19.39 

10.34 

5.52 

8,13 

6.91 

12.32 

'6,14 

68 

10.19 

6.53 

4.81 

5,60 

3.42 

51 

3 

5,763 

6.73 

17.92 

3.40 

0 

3.14 

3.12 

,66 

21 

3.24 

8.95 

9.96 

35,24 

7.41 

52 

1 

1,910 

28.85 

25.18 

14.97 

0 

0 

0 

0              0 

4.82 

18.74 

.84 

3.98 

2.62 

53 

1 

2,587 

6,84 

14.15 

5,73 

0 

0 

■      0 

0              0 

0 

16.08 

5,88 

37.73 

12.60 

54 
55 
56 
57 
58 

2 
0 
2 
0 

1 

2,616 

27.41 

28.63 

2.71 

0 

12.92 

1.64 

,88        1 

64 

4.51 

8.26 

2,37 

7.91 

1.11 

2,827 

1.24 

18.32 

3.57 

0 

12.20 

1.34 

9.52 

28 

3.71 

8.91 

8,77 

19.49 

12.63 

2,179 

2.16 

7.99 

.78 

,37 

0 

0 

0              0 

2.39 

13.95 

7,34 

29.42 

35.61 

59 
60 

1 
0 

3,224 

18.11 

17.56 

5.61 

1.89 

0 

0 

0              0 

0 

15.60 

8,59 

21,65 

10.98 

61 
62 

0 

1 

3,486 

40.91 

14,37 

2.95 

1.95 

0 

0 

0              0 

-- 

.46 

10.47 

8.49 

9,04 

11.36 

Total   or  2,035 
average 


1,1? 


,501 


7.01 


3.01 


1.60 


3,01 


4,19 


15.20 


26.64 


13.49 


11.64 


—  Includes  1-inch  Select  Merchantable  lumber. 
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Table  21. --Lumber  grade  yields  by  scaling  diameter,  No.  3  Sawmill  sawn-length  logs 


Log 

.umber 

grades 

Number 
of 

Lumber 
tally 

caling 
iameter 

B  &  Btr. 

C 

D 

Factory 

No.    1 

No.   2 

No.    3 

Select 

Construc- 

inches) 

logs 

volume 

Select 

Select 

Select 

Moulding 

Select 

Shop 

Shop 

Shop 

Struc- 
tural!/ 

tion 

Standard 

Utility 

Economy 

^oard  feei 
1,605 

—    —    -     -    pQx>nc>nt.    r>f 

Iwnker 

tally   vo 
0 

icne   —   -   — 

6 

48 

0.75 

1.50 

0.50 

0 

0 

0 

0 

6.98 

55,20 

17.32 

13.83 

3.93 

7 

35 

1,406 

0 

.57 

0 

0 

0 

0 

0 

0 

6.26 

46.51 

28,31 

11,38 

6.97 

8 

105 

5,231 

.27 

.46 

.44 

.34 

.10 

0 

0 

0 

9.79 

50.43 

23.38 

11,89 

2.91 

9 

123 

8,119 

.28 

.73 

.12 

.07 

0 

.21 

.47 

.15 

10.35 

42.83 

29.14 

12,64 

3.02 

10 

144 

11,252 

.18 

.59 

.38 

.26 

0 

0 

.13 

.10 

13.72 

43,78 

22.32 

14,62 

3.92 

11 

152 

15,160 

.43 

.92 

.57 

.12 

,16     - 

0 

.08 

0 

13.21 

44.47 

23.62 

12,78 

3,63 

12 

62 

7,459 

.16 

.40 

.40 

.55 

0 

0 

0 

.28 

3.94 

35.19 

31,41 

22,67 

4.99 

13 

69 

10,320 

.10 

.26 

.40 

.25 

0 

0 

0 

.15 

3.28 

38.56 

31,75 

18,95 

6,31 

14 

73 

11,769 

.08 

.65 

.20 

.51 

0 

0 

0 

.31 

2.85 

33.67 

32.29 

20,30 

9,14 

15 

85 

15,541 

.41 

.39 

.17 

.14 

0 

.06 

0 

0 

4.98 

38.74 

32.06 

17.90 

5,15 

16 

94 

21,403 

.05 

.29 

.28 

.14 

.03 

.17 

.55 

.44 

6.19 

34.45 

31.61 

20,89 

4.92 

17 

74 

18,865 

.17 

.37 

.68 

.46 

.07 

.06 

.57 

.27 

6.20 

27.08 

29.97 

26,14 

7,96 

18 

90 

24,633 

.37 

.69 

.32 

.28 

0 

0 

.88 

.67 

6.84 

33.65 

26.68 

23,55 

6,06 

19 

80 

25,357 

.13 

.86 

1.06 

.70 

.06 

.13 

1.61 

.54 

3.82 

28.56 

32.01 

22,72 

7.78 

20 

95 

32,980 

.13 

.85 

.47 

.47 

.06 

.29 

2.43 

1.43 

4.46 

30.19 

28.23 

24,03 

6,95 

21 

66 

25,331 

.44 

1.05 

.73 

.46 

.24 

.53 

2.18 

.56 

7.17 

28.50 

24,80 

25,52 

7,82 

22 

76 

31,833 

.30 

.57 

.82 

.41 

.10 

.39 

3.36 

1.23 

7.06 

28.54 

25,03 

24,46 

7,74 

23 

59 

27,541 

.39 

.98 

.98 

.56 

.07 

.64 

4.34 

1.17 

5.00 

24.78 

30.35 

22,54 

8,20 

24 

57 

28,599 

.49 

.79 

.98 

.80 

.10 

1.00 

4.97 

1.22 

7.79 

28.35 

25,49 

21,55 

6,48 

25 

64 

34,461 

.21 

1.51 

1.18 

.61 

.15 

1.63 

3.95 

1.22 

4.79 

33.32 

24.15 

19,71 

7,56 

26 

56 

32,659 

.41 

.96 

1.32 

1.05 

.19 

1.03 

5.66 

1.97 

5.24 

22.19 

28,64 

23,22 

8,11 

27 

55 

34,522 

.86 

1.33 

.98 

1.88 

.60 

2.41 

8.04 

2.19 

4.88 

19.23 

22,94 

26.45 

8,21 

28 

38 

26,311 

.54 

1.49 

1.15 

.99 

1.23 

1.88 

6.67 

.99 

2.92 

26.07 

25,80 

21,75 

8,53 

29 

42 

30,948 

1.36 

2.06 

1.54 

2.07 

.84 

4.44 

9.09 

1.98 

4.74 

21.33 

21,61 

20.24 

8.70 

30 

31 

22,586 

.84 

2.25 

1.98 

2.07 

.92 

3.20 

6.75 

1.60 

5.04 

18.36 

24,53 

22,14 

10,32 

31 

32 

27,147 

.36 

2.23 

1.68 

2.04 

.81 

3.79 

11.03 

.89 

3.41 

16.79 

25,47 

22,43 

9,07 

32 

36 

31,049 

1.36 

3.05 

2.49 

1.89 

1.43 

4.17 

8.51 

1.43 

3.64 

18.91 

19,23 

24.62 

9.26 

33 

20 

18,245 

1.53 

2.53 

2.52 

.67 

.86 

6.57 

7.20 

.73 

3.37 

23.27 

21,23 

19,79 

9.72 

34 

22 

20,797 

1.53 

1.80 

1.26 

1.28 

.61 

3.71 

10.44 

2.59 

1.76 

14.72 

26,43 

26,71 

7.17 

35 

16 

17,206 

.67 

2.07 

1.37 

1.30 

.71 

2.93 

4.30 

.56 

2.64 

26.28 

20,73 

26,78 

9.66 

36 

19 

21,969 

.84 

2.11 

2.17 

3.31 

1.17 

4.52 

7.91 

1.63 

1.65 

18.78 

18,71 

25,06 

12.14 

37 

9 

12,805 

2.28 

6.19 

1.51 

1.21 

3.33 

6.44 

3.61 

.17 

2.12 

24.02 

19,50 

21,12 

8,50 

38 

9 

9,692 

1.28 

6.02 

1.85 

3.75 

3.57 

5.98 

7.71 

1.15 

.92 

11.51 

17,66 

29,76 

8,85 

39 

12 

19,049 

.16 

2.57 

2.02 

.76 

1.46 

2.28 

4.77 

.71 

2.34 

10.74 

11,72 

43,44 

17,03 

40 

8 

9,098 

1.29 

2.58 

2.42 

.71 

.31 

6.42 

11.48 

1.92 

1.24 

15.30 

20.64 

28,78 

6,91 

41 

6 

9,031 

3.29 

4.43 

4.64 

2.81 

1.67 

10.00 

6.51 

1.23 

1.13 

11.76 

13.00 

26,32 

13,21 

42 

4 

4,575 

.22 

.66 

1.57 

4.83 

.81 

4.87 

6.40 

.35 

5.40 

18.84 

15.37 

32.55 

8.13 

43 

4 

6,249 

.86 

5.23 

1.86 

.11 

2.14 

3.89 

6.27 

2.78 

1.02 

6.35 

14.79 

46.49 

8,19 

44 

1 

922 

5.75 

1.41 

2.60 

19.31 

2.05 

5.94 

23.54 

4.34 

0 

22.99 

7,81 

3.25 

0 

45 

8 

12,836 

2.81 

3.08 

2.52 

2.76 

.37 

4.95 

10.65 

3.65 

.75 

10.63 

11,04 

32.47 

14,31 

46 

2 

3,135 

0 

.48 

0 

0 

0 

0 

3.22 

6.44 

.64 

4.94 

27.18 

34,35 

22,74 

47 
48 

3 
0 

4,979 

1.25 

1.51 

2.47 

1.81 

.16 

1.79 

2.47 

1.91 

0 

5.42 

14,52 

53,52 

13,18 

49 
50 

0 
3 

4,450 

1.73 

8.81 

3.12 

3.55 

.25 

6.90 

15.82 

5.78 

1.08 

5.35 

6,61 

24,52 

16.49 

51 

1 

2,040 

.88 

6.52 

4.75 

.20 

0 

0 

0 

0 

2.21 

23.28 

12,25 

28.48 

21,42 

52 

1 

2,402 

0 

3.79 

2.87 

0 

0 

0 

0 

0 

0 

0 

4,75 

74.52 

14,07 

53 

1 

2,363 

4.23 

4.15 

.80 

.34 

0 

0 

0 

0 

.68 

1.82 

8,84 

37,96 

41,18 

54 
55 
56 

1 
0 

1 

1,600 

.81 

0 

2.06 

33.31 

0 

14.25 

16.75 

3.31 

0 

6.19 

5.25 

13,25 

4.81 

3,165 

.70 

7.93 

6.67 

0 

0 

0 

0 

0 

0 

13.78 

14.19 

48,63 

8,12 

rotal   or 

2,092 

750,705 

.69 

1.68 

1.29 

1.19 

.55 

2.15 

4.91 

1.19 

4.66 

25.01 

24.14 

24.08 

8,46 

averag 

5 

Includes  1-inch  Select  Merchantable  lumber. 
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Table  22. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
No.  1  Peeler  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale- 

Lumber 

tally 

Cubic  volume 

scaling 
diameter 

Gross 

Net 

Volume 

Recovery 
ratio^'' 

Log 

Lumber 

Lumber 
recovery 

Sawdust 

Residue 

(inches) 

ratiol/ 

Bocwd  feet 

Percent 

C-ub^ 

a  feet 

Percent 

-   -    -   Cubic  feet    -   .    . 

31 

2 

2,840 

2,550 

2,772 

109 

449.19 

238.20 

53 

40.80 

170.19 

32 

2 

2,390 

1,800 

1,949 

108 

340.08 

167.09 

49 

31.42 

141.57 

33 

3 

5,100 

4,260 

5,693 

134 

841.41 

488.67 

58 

79.00 

273.74 

34 

3 

4,800 

4,610 

5,674 

123 

788.55 

496.46 

63 

76.46 

215.63 

35 

3 

5,690 

5,310 

6,420 

121 

819.91 

570.99 

70 

107.41 

141.51 

36 

3 

2,880 

2,730 

3,113 

114 

407.25 

261.94 

64 

44.99 

100.32 

37 

2 

3,090 

2,730 

3,272 

120 

417.05 

279.42 

67 

44.35 

93.28 

38 

4 

7,470 

6,440 

8,131 

126 

1,220.50 

695.82 

57 

114,85 

409.83 

39 

8 

13,720 

11,830 

14,399 

122 

2,012.72 

1,240.18 

62 

212.66 

559.88 

40 

2 

2,700 

2,180 

2,793 

128 

334.67 

235.63 

70 

41.33 

57.71 

41 

2 

2,860 

1,650 

1,729 

105 

395.78 

146.30 

37 

31.61 

217.87 

42 

5 

12,090 

10,320 

11,589 

112 

1,791.63 

991.74 

55 

155.98 

643.91 

43 

4 

7,330 

6,450 

7,468 

116 

965.39 

635.49 

66 

106.80 

223.10 

44 

1 

3,140 

2,540 

2,647 

104 

485.36 

240.79 

50 

49.41 

195.16 

45 

2 

5,320 

4,320 

5,475 

127 

748.50 

470.55 

63 

70.40 

207.55 

46 

4 

8,360 

6,030 

7,712 

128 

813.96 

653.45 

80 

99.14 

61.37 

47 

4 

12,720 

11,470 

12,404 

108 

1,883.05 

1,090.02 

58 

177.51 

615.52 

48 
49 
50 

3 
0 
2 

6,060 

4,840 

6,262 

129 

814.10 

535.12 

66 

90.49 

188.49 

6,080 

5,580 

6,192 

111 

937.00 

531.29 

57 

78.81 

326.90 

51 
52 

3 
0 

8,280 

7,690 

8,694 

113 

1,193.74 

766.74 

64 

127.65 

299.35 

53 

54 

0 
1 

4,370 

3,460 

4,679 

135 

641.29 

399.90 

62 

57.12 

184.27 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

2 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 

1 

5,810 

4,950 

5,691 

115 

795.58 

484.95 

61 

64.99 

245.64 

8,500 

7,200 

8,198 

114 

1,193.24 

712.11 

60 

118.87 

362.26 

3,730 

3,150 

3,643 

116 

552.21 

320.78 

58 

52.77 

178.66 

4,230 

3,360 

3,526 

105 

624.43 

293.12 

47 

40.50 

290.81 

Total    or 

69 

147,560 

127,450 

150,125 

118 

21,466.59 

12,946.75 

60 

2,115.32 

6,404.52 

average 

As  scaled  by  Forest  Service  scaler.  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 


-  Lumber  tally  volume  as  percentage  of  net  scale  volume. 


3/ 


Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  23. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter. 
No.  2  Peeler  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scal^ 

Lumber  tally 

Cubic  volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume 

Recovery 
ratio^'' 

Log 

Lumber 

Lumber 

recovery 

ratiol/ 

Sawdust 

Residue 

Board  feet  - 

Feroen t 

Cub 

ic  feet  -   -   - 

Percent 

-   -   -   Cubic 

feet   -   -   - 

30 

2 

2,130 

1,890 

2,044 

108 

289.58 

178.71 

62 

33.62 

77.25 

31 

2 

3,200 

2,860 

3,819 

134 

566.49 

324.22 

57 

43.80 

198.47 

32 

5 

6,540 

5,490 

6,517 

119 

1,030.98 

560.31 

54 

89.12 

381.55 

33 

2 

2,260 

2,000 

2,383 

119 

347.82 

201.20 

58 

35.06 

111.56 

34 

3 

5,000 

4,610 

6,078 

132 

881.25 

521.47 

59 

95.77 

264.01 

35 

8 

14,660 

12,700 

16,054 

126 

2,363.71 

1,400.69 

59 

254.94 

708.08 

36 

5 

8,280 

7,320 

8,878 

121 

1,269.93 

754.19 

59 

105.54 

410.20 

37 

7 

12,220 

9,840 

12,243 

124 

1,830.89 

1,061.19 

58 

173.14 

596.56 

38 

3 

6,660 

5,670 

5,589 

116 

1,062.19 

568.39 

54 

110.42 

383.38 

39 

6 

10,780 

9,690 

11,235 

115 

1,547.47 

963.32 

62 

142.28 

441.87 

40 

3 

6,180 

5,590 

6,490 

116 

916.35 

590.65 

64 

108.93 

216.77 

41 

4 

9,060 

7,290 

9,344 

128 

1,328.25 

806.43 

61 

115.74 

406.08 

42 

3 

7,390 

6,830 

7,274 

107 

955.81 

666.01 

70 

122.91 

166.89 

43 

5 

12,900 

12,390 

14,438 

117 

1,834.42 

1,297.84 

71 

226.43 

310.15 

44 

5 

11,840 

9,840 

11,698 

119 

1,630.09 

1,000,75 

61 

176.92 

452.42 

45 

4 

10,440 

9,830 

11,050 

112 

1,680.36 

933.37 

56 

148.04 

598.95 

46 

3 

5,550 

4,850 

6,015 

124 

852.35 

503.97 

59 

73.62 

274.76 

47 

1 

3,310 

2,690 

2,551 

95 

393.80 

224.98 

57 

47.17 

121.65 

48 

5 

14,490 

12,550 

14,649 

117 

2,088.12 

1,287.39 

62 

235.54 

565.19 

49 

2 

5,840 

4,970 

5,597 

113 

813.06 

488.66 

60 

75.42 

248.98 

50 

1 

3,280 

1,170 

168 

14 

405.16 

14.54 

4 

2.82 

387.80 

51 

1 

1,950 

1,190 

1,728 

145 

240.59 

145.55 

60 

32.77 

62.27 

52 

1 

4,050 

3,890 

3,844 

99 

578.81 

330.97 

57 

41.16 

206.68 

53 

1 

4,210 

3,150 

2,237 

71 

547.86 

193.78 

35 

32.96 

321.12 

54 
55 
56 
57 

2 

0 
0 
0 

6,830 

5,610 

6,348 

113 

849.13 

544.94 

64 

81.37 

222.82 

58 
59 
60 
61 
62 
63 

0 
0 
0 

1 

0 

1 

3,500 

2,940 

3,486 

119 

419.35 

291.87 

70 

38.41 

89.07 

3,730 

3,150 

3,602 

114 

461.02 

301.06 

65 

43.05 

116.91 

Total   or 

86 

186,280 

160,000 

186,359 

116 

27,184.84 

16,156.45 

59 

2,686.95 

8,341.44 

average 

As  scaled  by  Forest  Service  scaler,  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 
Lumber  tally  volume  as  percentage  of  net  scale  volume. 
Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  24. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter. 
No.  3  Peeler  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

Cubic  volume 

seal ing 

diameter 

(inches) 

Gross 

Net 

Vol ume 

Recovery 
ratio^' 

Log 

Lumber 

Lumber 
recovery 

ratio^^ 

Sawdust 

Residue 

Board  feet  - 

Percent 

-   -   -  Cvbio 

feet 

VeTCeyit 

-   -   -  Cubic  feet   -   -   - 

24 

16 

12,790 

12,090 

15,231 

126 

2,194.17 

1,292.15 

59 

232.19 

659.83 

25 

27 

25,420 

22,060 

28,416 

129 

3,968.83 

2,407.71 

61 

371.52 

1,189.60 

26 

19 

20,240 

18,050 

22,842 

127 

3,156.20 

1,967.19 

62 

341.93 

847.08 

27 

30 

32,360 

29,330 

35,613 

121 

4,943.57 

3,068.57 

62 

562.36 

1,312.64 

28 

18 

20,500 

18,860 

23,170 

123 

3,149.68 

1,985.58 

63 

325.37 

838.73 

29 

25 

30,150 

27,610 

33,239 

120 

4,710.31 

2,863.46 

61 

534.53 

1,312.32 

30 

13 

16,260 

14,950 

18,566 

124 

2,655.85 

1,582.49 

59 

278.23 

805.13 

31 

24 

36,150 

31,580 

38,857 

123 

5,516,13 

3,366.35 

61 

587.83 

1,561.95 

32 

23 

35,500 

32,010 

39,384 

123 

5,703.72 

3,427.95 

60 

606.18 

1,669.59 

33 

13 

21,200 

19,780 

24,471 

124 

3,299.34 

2,104.86 

64 

365.92 

828.56 

34 

13 

21,100 

19,530 

24,032 

123 

3,557.62 

2,077.57 

58 

363.88 

1,116.17 

35 

12 

23,200 

20,220 

26,900 

133 

3,553.72 

2,322.89 

65 

442.19 

788.64 

36 

8 

15,350 

13,990 

17,716 

127 

2,494.75 

1,518.29 

61 

247.42 

729.04 

37 

9 

18,140 

15,970 

20,268 

127 

2,621.88 

1,761.86 

67 

301.07 

558.95 

38 

14 

29,650 

24,680 

31,216 

126 

4,285.46 

2,748.43 

64 

533.67 

1,003.36 

39 

12 

24,640 

21,260 

25,668 

121 

3,671.06 

2,250.35 

61 

454.63 

966.08 

40 

7 

14,740 

12,110 

13,738 

113 

1.966.92 

1,176.39 

60 

226.37 

564.16 

41 

4 

9,060 

7,530 

8,790 

117 

1,301.19 

775.19 

60 

156.05 

369.95 

42 

6 

16,300 

13,900 

15,537 

112 

2,212.05 

1,413.29 

64 

289.97 

508.79 

43 

4 

9,590 

7,880 

10,141 

129 

1,355.83 

890.98 

66 

139.59 

325.26 

44 

7 

17,750 

14,840 

18,210 

123 

2,447.60 

1,589.50 

65 

287.40 

570.70 

45 

2 

4,560 

3,990 

5,025 

126 

566.36 

433.75 

77 

76.67 

55.94 

46 

2 

5,550 

4,800 

5,222 

109 

798.27 

470.70 

59 

84.57 

243.00 

47 

3 

8,480 

7,250 

8,053 

111 

1,133.84 

701.51 

62 

116.81 

315.52 

48 

3 

9,520 

8,800 

10,343 

118 

1,261.87 

907.83 

72 

133.99 

220.05 

49 

1 

3,590 

2,810 

3,349 

119 

624.30 

304.56 

49 

71.56 

248.18 

50 
51 

1 

0 

3,280 

2,110 

2,594 

123 

421.24 

229.89 

55 

44.58 

146.77 

52 
53 

0 

1 

2,630 

2,370 

3,234 

136 

408.23 

269.50 

66 

35.56 

103.17 

54 

1 

3,280 

2,780 

3,434 

124 

489.22 

298.55 

61 

45.64 

145.03 

Total   or 

318 

490,980 

433,140 

533,259 

123 

74,479.21 

46,207.34 

62 

8,257.68 

20,014.19 

average 

—  As  scaled  by  Forest  Service  scaler.  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 

2/ 

—  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

3/ 

—  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  25. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
Special  Peeler  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale- 

Lumber  tally 

Cubic  volume 

scaling 
diameter 
( inches) 

Gross 

Net 

Volume 

Recovery 
ratio^^ 

Log 

Lumber 

Lumber 

recovery 

ratio3/ 

Sawdust 

Residue 

Board  feet  - 

Percent 

Cubia 

feet 

Percent 

Cubic 

feet 

18 

25 

11,560 

11,130 

14,694 

132 

2,021.82 

1,233.27 

61 

216.39 

572.16 

19 

16 

8,520 

7,750 

10,882 

140 

1,517.04 

910.14 

60 

146.19 

460.71 

20 

28 

17,390 

15,950 

21,877 

137 

2,841.14 

1,859.67 

65 

311.07 

670.40 

21 

24 

14,360 

13,380 

17,290 

129 

2,305.64 

1,459.57 

63 

251.89 

594.18 

22 

27 

18,040 

16,530 

22,219 

134 

3,021.34 

1,885.13 

62 

351.97 

784.24 

23 

or 

30 

25,130 

23,370 

30,277 

130 

4,185.75 

2,590.51 

62 

449.60 

1,145.64 

Total 

150 

95,000 

88,110 

117,239 

133 

15,892.73 

9,938.29 

63 

1,727.11 

4,227.33 

average 

-  As  scaled  by  Forest  Service  scaler.  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 

2/ 

-  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

-  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 


Table  26. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
No.  1  Sawmill  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

Cubic  volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Vol ume 

Recovery 
ratio^ 

Log 

Lumber 

Lumber 
recovery 

ratio-'' 

Sawdust 

Residue 

Board  feet  - 

Percent 

35 

1 

1,750 

1,500 

1,647 

110 

36 

0 

— 

-- 

-- 

-- 

37 

0 

— 

— 

-- 

-- 

38 

2 

4,280 

3.510 

4,250 

121 

39 

0 

— 

— 

-- 

-- 

40 

1 

2.410 

1.800 

2,273 

126 

41 

0 

— 

— 

-- 

-- 

42 

0 





-- 

-- 

43 

0 

— 

— 

-- 

-- 

44 

0 

— 



-- 

-- 

45 

0 

— 

-- 

-- 

-- 

46 

0 

— 

— 

-- 

-- 

47 

0 

— 



-- 

-- 

48 

0 

— 

— 

-- 

-- 

49 

0 

— 

-- 

-- 

-- 

50 

0 

-- 

-- 

-- 

-- 

51 

1 

1,950 

1,350 

1,447 

107 

tal   or 

5 

10,390 

8,160 

9,617 

118 

average 

-  Cubic 

feet 

Percent 

C-iibia 

feet  -  - 

303.05 

140.40 

46 

ll.'i'i 

139.70 

737.87 

367.74 

50 

66.03 

304.10 

397.06 

194.71 

49 

30.70 

171.65 

289.75 


121.63 


42 


21.65 


146.47 


1,727.73 


824.48 


48 


141.33 


761.92 


-    As  scaled  by  Forest  Service  scaler.   Bureau  log  scaling  rules,   Scribner  Decimal   C  log  rule. 
2/ 


Lumber  tally  volume  as  percentage  of  net  scale  volume. 
Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  27. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
No.  2  Sawmill  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

Cubic  volume 

seal ing 

diameter 

(inches) 

Gross 

Net 

Volume 

Recovery 
ratio^^ 

Log 

Lumber 

Lumber 

recovery 

ratiol/ 

Sawdust 

Residue 

\      _      _ 

Board  feet   - 

Peroent 

-   -   -  Cubio 

feet 

Percent 

Cub 

c  feet  -   -   - 

12 

73 

11,630 

11,060 

19,148 

173 

2,599.79 

1,585.65 

61 

276.74 

737.40 

13 

65 

11,830 

11,480 

19,643 

171 

2,468.66 

1,628.20 

66 

285.08 

555.38 

14 

85 

19,460 

18,290 

29,802 

163 

3,898.51 

2,462.75 

63 

428.11 

1,007.65 

15 

68 

19,360 

18,260 

27,866 

153 

3,620.45 

2,311.33 

64 

387.04 

922.08 

16 

59 

18,760 

17,740 

27,756 

156 

3,409.10 

2,309.13 

68 

370.69 

729.28 

17 

84 

29,980 

27,420 

41,858 

153 

5,323.07 

3,496.19 

66 

595.71 

1,231.17 

18 

64 

26,350 

24,070 

35,478 

147 

4,370.12 

2,953.92 

68 

485.68 

930.52 

19 

53 

25,450 

23,530 

34,701 

147 

4,251.61 

2,940.47 

69 

458.82 

852,32 

20 

52 

28,910 

26,500 

36,901 

139 

4,455.34 

3,090.05 

69 

524.74 

840.55 

21 

51 

32,470 

30,320 

41,821 

138 

5,162.77 

3,512.78 

68 

577.22 

1,072.77 

22 

50 

32,730 

30,060 

41,036 

137 

5,075.87 

3,437.48 

68 

592.42 

1,045.97 

23 

58 

43,060 

37,020 

52,578 

142 

6,489.87 

4,440.04 

68 

716.61 

1,333.22 

24 

52 

44,650 

40,800 

54,093 

133 

6,735.35 

4,606.94 

68 

783.66 

1,344.75 

25 

49 

45,400 

38,670 

51,164 

132 

6,660.08 

4,354.03 

65 

747.86 

1,558.19 

26 

37 

38,280 

33,500 

44,027 

131 

5,625.36 

3,745.18 

67 

667.59 

1,212.59 

27 

32 

38,430 

35,460 

43,892 

124 

5,385.22 

3,736.38 

69 

641.71 

1,007.13 

28 

39 

45,560 

41,100 

50,324 

122 

6,230.19 

4,307.34 

69 

672.53 

1,250.32 

29 

39 

52,050 

47,020 

60,630 

129 

7,643.13 

5,250.78 

59 

949.74 

1,442.61 

30 

30 

39,740 

34,330 

42,707 

124 

5,634.46 

3,684.86 

65 

679.10 

1,270.50 

31 

32 

47,100 

40,660 

49,979 

123 

6,742.90 

4,285.03 

64 

705.91 

1,751.96 

32 

28 

41,580 

33,730 

44,683 

132 

5,814.14 

3,860,22 

66 

742.66 

1,211.26 

33 

34 

54,720 

45,930 

61,322 

134 

7,764.49 

5,265.74 

68 

822.28 

1,676.47 

34 

25 

39,800 

34,850 

45,424 

130 

6,166.69 

3,963.74 

64 

763.98 

1,438.97 

35 

17 

31 ,620 

25,880 

34,522 

133 

4,806.53 

2,955.12 

61 

557.84 

1,293.57 

36 

20 

34,500 

29,180 

38,260 

131 

5,037.94 

3,306.88 

66 

585.72 

1,145.34 

37 

13 

23,930 

17,630 

20,895 

119 

3,270.29 

1,820.30 

56 

326.78 

1,123,21 

38 

13 

28,000 

22,320 

28,364 

127 

4,032.66 

2,456.49 

61 

438.86 

1,137.31 

39 

12 

26,880 

23,400 

30,236 

129 

3,786.67 

2,612.57 

69 

417.93 

756.17 

40 

9 

22,270 

17,610 

20,668 

117 

2,952.23 

1,807.26 

61 

351.55 

793.42 

41 

9 

24,960 

19,680 

27,102 

138 

3,398.38 

2,317.77 

68 

379.67 

700.94 

42 

3 

7,380 

6,110 

7,154 

117 

996.39 

618.91 

64 

140.01 

207.47 

43 

7 

17,780 

13,890 

16,289 

117 

2,480.11 

1,427.04 

58 

291.08 

761.99 

44 

3 

6,480 

4,900 

6,326 

129 

810.71 

552.85 

68 

110.96 

146.90 

45 

4 

10,270 

8,370 

10,107 

121 

1,482.97 

858.49 

58 

147.98 

476,50 

46 

4 

11,910 

8,220 

11,423 

139 

1,609.27 

998.60 

62 

213.49 

397,18 

47 

5 

16,350 

14,270 

16,513 

116 

2,233.28 

1,455.86 

65 

251.02 

525,40 

48 

2 

3,890 

1,310 

2,609 

199 

478.13 

219.23 

46 

66.03 

192.87 

49 

3 

8,530 

5,490 

7,234 

132 

1,020.07 

632.26 

62 

125.38 

262,43 

50 
51 

3 
0 

8,420 

6,650 

7,681 

116 

1,139.87 

677.40 

59 

136.72 

325,75 

52 
53 
54 

0 
2 
0 

5,000 

3,450 

4,950 

143 

678.14 

423.33 

62 

72.99 

181,82 

55 
56 

0 
1 

2,940 

1,640 

3,165 

193 

434.73 

271.59 

62 

57.36 

105.78 

57 
58 
59 

1 
0 

1 

3,040 

2,550 

2,179 

85 

366.99 

185.25 

50 

21.29 

150.45 

3,270 

2,740 

3,224 

118 

392.74 

271.29 

69 

35.03 

86.42 

Total    or 

1,291 

1,084,720 

937,080 

1,255,734 

134 

162,905.27 

107,096.72 

66 

18,603.57 

37,204,98 

average 

As  scaled  by  Forest  Service  scaler.  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 
Lumber  tally  volume  as  percentage  of  net  scale  volume. 
Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  28. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter. 
No.  3  Sawmill  grade  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

Cubic  volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume 

Recovery 
rat  10^^ 

Log 

Lumber 

Lumber 

recovery 

ratio^'' 

Sawdust 

Residue 

Board  feet  - 

Pevaent 

-   -   -   Cubic 

feet 

Percent 

Cvh 

c  feet   -   -   - 

5 

7 

240 

240 

495 

206 

85.56 

42.00 

49 

7.30 

36.26 

6 

55 

2,230 

2,080 

3,617 

174 

590.84 

304.98 

52 

57.95 

227.91 

7 

47 

2,070 

2,030 

4,198 

207 

631.91 

350.00 

55 

64.16 

217.75 

8 

97 

5,690 

5,450 

11,532 

212 

1,699.69 

948.36 

57 

185.04 

536.29 

9 

107 

7,750 

7,310 

15,513 

212 

2,230.23 

1,280.56 

57 

233.19 

716.48 

10 

96 

9,580 

8,800 

16,266 

185 

2,343.91 

1,343.19 

57 

249.29 

751.43 

11 

114 

13,790 

13,010 

22,821 

175 

3,210.89 

1,894.65 

59 

335.94 

980.30 

12 

35 

4,220 

3,760 

8,303 

221 

1,088.29 

686.58 

63 

123.40 

278.31 

13 

39 

4,690 

3,940 

8,628 

219 

1,135.69 

714.17 

63 

123.93 

297.59 

14 

37 

6,280 

5,180 

11,191 

216 

1,451.29 

914.71 

63 

174.45 

362.13 

15 

35 

7,570 

6,020 

12,164 

202 

1,565.18 

1,006.53 

64 

174.37 

384.28 

16 

37 

9,000 

6,730 

12,848 

191 

1,839.65 

1,061.42 

58 

192.28 

585.95 

17 

37 

10,660 

8,740 

16,320 

187 

2,119.74 

1,378.05 

65 

224.92 

516.77 

18 

25 

6,960 

5,170 

8,154 

158 

1,233.15 

678.70 

55 

123.29 

431.16 

19 

28 

11,610 

9,010 

16,306 

181 

2,074.79 

1,365.81 

66 

239,80 

469.18 

20 

25 

12,120 

9,630 

14,655 

152 

1,976.07 

1,228.54 

62 

198.94 

548.59 

21 

30 

13,880 

9,980 

17,705 

177 

2,305.26 

1,467.90 

64 

270.70 

566.66 

22 

23 

11,300 

9,340 

13,662 

146 

1,829.17 

1,154.11 

63 

206.56 

468.50 

23 

20 

12,480 

9,000 

15,298 

170 

2,017.50 

1,283.91 

64 

236.72 

496.87 

24 

22 

13,870 

11,170 

17,048 

153 

2,192.44 

1,444.61 

66 

271.41 

476.42 

25 

19 

14,200 

10,970 

16,470 

150 

2,113.68 

1  ,400.79 

66 

233.07 

479.82 

26 

19 

17,240 

13,330 

20,274 

152 

2,540.33 

1,727.76 

68 

283.02 

529.55 

27 

18 

18,640 

14,190 

21,288 

150 

2,679.60 

1,830.83 

68 

337.38 

511.39 

28 

12 

11,130 

8,550 

11,760 

138 

1,580.62 

998.40 

63 

179.08 

403.14 

29 

14 

13,780 

10,610 

16,659 

157 

2,045.37 

1,395.88 

68 

254.03 

395.46 

30 

9 

9,270 

6,450 

10,202 

158 

1,334.18 

867.83 

65 

136.44 

329.91 

31 

7 

9,410 

7,200 

11,019 

153 

1,380.05 

941.31 

68 

150.65 

288.09 

32 

11 

15,960 

11,340 

16,514 

146 

2,446.10 

1,406.67 

58 

237.95 

801.48 

33 

2 

3,630 

2,980 

4,014 

135 

518.95 

344.09 

66 

55.10 

119.76 

34 

5 

5,800 

3,910 

5,164 

132 

803.91 

438.93 

55 

69.35 

295.63 

35 

4 

5,910 

3,870 

6,409 

166 

815.84 

561.99 

69 

125.20 

128.65 

36 

2 

3,000 

1,750 

2,833 

162 

426.51 

243.14 

57 

42.27 

141.10 

37 
38 
39 

3 
0 
4 

5,930 

3,860 

5,392 

140 

773.88 

458.74 

59 

98.69 

216.45 

7,560 

5,600 

7,801 

139 

1,042.22 

664.78 

64 

136.19 

241.25 

40 

2 

5,110 

3,060 

4,120 

135 

680.45 

354.05 

52 

59.42 

266.98 

41 

1 

2,540 

2,410 

2,123 

88 

362.50 

195.59 

54 

47.38 

119.53 

42 

2 

3,690 

2,700 

3,240 

120 

454.28 

278.45 

61 

40.26 

135.57 

43 

3 

7,670 

4,710 

7,706 

164 

1,018.74 

661.06 

65 

122.99 

234.69 

44 
45 
46 

2 

0 

1 

5,370 

3,120 

5,829 

187 

808.18 

498.40 

62 

68.71 

241.07 

1,980 

1,680 

2,026 

121 

262.24 

173.37 

66 

36.94 

51.93 

47 

1 

3,720 

1,800 

2,270 

126 

462.01 

193.38 

42 

32.45 

236.18 

48 
49 
SO 
51 
52 

1 
0 

1 

0 

1 

2,810 

1,080 

1,213 

112 

384.21 

102.79 

27 

20.31 

261.11 

4,210 

2,580 

3,265 

127 

520.92 

280.21 

54 

46.46 

194.25 

2,530 

1,590 

2,402 

151 

318.23 

207.56 

65 

41.10 

69.57 

Total   or 

1,061 

347,080 

265,930 

436,717 

164 

59,364.25 

36,774.78 

62 

6,548.08 

16,041.39 

average 

As  scaled  by  Forest  Service  scaler.  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 
Lumber  tally  volume  as  percentage  of  net  scale  volume. 


-  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  29. --Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter, 
all  grades  of  woods-length  logs 


Log 

Number 
of 
logs 

Log  scale-' 

Lumber  tally 

Cubic  volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume 

Recovery 

.    2/ 
ratio^' 

Log 

Lumber 

Lumber      j 
recovery         Sawdust 
ratioA/ 

Residue 

Board  feet 

Percent 

-   -   -  Cubia 

feet 

Percent 

-   -  -  Cubic 

feet 

5 

7 

240 

240 

495 

206 

85.56 

42.00 

49 

7.30 

36.26 

6 

56 

2,230 

2,080 

3,617 

174 

590.84 

304.98 

52 

57.95 

227.91 

7 

47 

2,070 

2,030 

4,198 

207 

631.91 

350.00 

55 

64.16 

217.75 

8 

97 

5,690 

5,450 

11,532 

212 

1,569.69 

948.36 

57 

185.04 

536.29 

9 

107 

7,750 

7,310 

15,513 

212 

2,230.23 

1,280.56 

57 

233.19 

716.48 

10 

96 

9,580 

8,800 

16,266 

185 

2,343.91 

1,343.19 

57 

249.29 

751.43 

11 

114 

13,790 

13,010 

22,821 

175 

3,210.89 

1,894.65 

59 

335.94 

980.30 

12 

108 

15,850 

14,820 

27,461 

185 

3,688.08 

2,272.23 

62 

400.14 

1,015.71 

13 

104 

16,520 

15,420 

28,271 

183 

3,604.35 

2,342.37 

65 

409.01 

852.97 

14 

122 

25,740 

23,470 

40,993 

175 

5,349.80 

3,377.46 

63 

602.56 

1,369.78 

15 

103 

26,930 

24,270 

40,030 

165 

5,185.63 

3,317.86 

64 

561.41 

1,306.36 

16 

96 

27,760 

24,470 

40,604 

166 

5,248.75 

3,370.55 

64 

562.97 

1,315.23 

17 

121 

40,640 

36,160 

58,178 

161 

7,442.81 

4,874.24 

65 

820.63 

1,747.94 

18 

114 

44,870 

40,370 

58,326 

144 

7,625.09 

4,865.89 

64 

825.36 

1,933.84 

19 

97 

45,580 

40,290 

61,889 

154 

7,843.44 

5.216.42 

67 

844.81 

1,782.21 

20 

105 

58,420 

52,080 

73,433 

141 

9,272.55 

6,178.26 

67 

1,034.75 

2,059.54 

21 

105 

60,710 

53,680 

76,816 

143 

9,773.67 

6,440.25 

66 

1,099.81 

2,233.51 

22 

100 

62,070 

55,930 

76,917 

138 

9,926.38 

6,476.72 

65 

1,150.95 

2,298.71 

23 

108 

80,670 

69,390 

98,153 

141 

12,693.12 

8,314.46 

66 

1,402.93 

2,975.73 

24 

90 

71,310 

64,060 

86,372 

135 

11,121.96 

7,343.70 

66 

1,287.26 

2,491.00 

25 

95 

85,020 

71,700 

96,050 

134 

12,742.59 

8,162.53 

64 

1,352.45 

3,227.61 

26 

75 

75,760 

64,880 

87,143 

134 

11,321.89 

7,440.13 

66 

1,292.54 

2,589.22 

27 

80 

89,430 

78,980 

100,793 

128 

13,008.39 

8,635.78 

66 

1,541.45 

2,831.16 

28 

69 

77,190 

68,510 

85,254 

124 

10,960.49 

7,291.32 

67 

1,176.98 

2,492.19 

29 

78 

95,980 

85,240 

110,528 

130 

14,398.81 

9,510.12 

66 

1,738.30 

3,150.39 

30 

54 

67,400 

57,620 

73,519 

128 

9,924.07 

6,313.89 

64 

1,127.39 

2,482.79 

31 

67 

98,700 

84,850 

106,446 

125 

14,654.76 

9,155.11 

62 

1,528.99 

3,970.66 

32 

69 

101,970 

84,370 

109,047 

129 

15,335.02 

9,422.24 

61 

1,707.33 

4,205.45 

33 

54 

86,910 

74,950 

97,883 

131 

12,772.01 

8,404.56 

66 

1,357.36 

3,010.09 

34 

49 

76,500 

67,510 

86,372 

128 

12,198.02 

7,498.17 

61 

1,369.44 

3,330.41 

35 

45 

82,830 

69,480 

91,952 

132 

12,662.76 

7,952.08 

63 

1,510.53 

3,200.15 

36 

38 

64,010 

54,970 

70,800 

129 

9,636.38 

6,084.44 

63 

1,025.94 

2,526.00 

37 

34 

63,310 

50,030 

62,070 

124 

8,913.99 

5,381.51 

50 

944.03 

2,588.45 

38 

36 

76,060 

62,620 

78,550 

125 

11,338.68 

6,836.87 

60 

1,263.83 

3,237.98 

39 

42 

83,580 

71,780 

89,339 

124 

12,060.14 

7,731.20 

64 

1,363.69 

2,965.25 

40 

24 

53,410 

42,350 

50,082 

118 

7,247.68 

4,358.69 

60 

818.30 

2,070.69 

41 

20 

48,480 

38,560 

49,088 

127 

6,786.10 

4,241.28 

62 

730.45 

1,814.37 

42 

19 

46,850 

39,860 

44,794 

112 

6,380.16 

3   968.40 

62 

749.13 

1,662.63 

43 

23 

55,270 

45,320 

56,042 

124 

7,654.49 

4,912.41 

64 

886.89 

1,855.19 

44 

18 

44,580 

35,240 

44,710 

127 

6,181.94 

3,882.29 

63 

693.40 

1,606.25 

45 

12 

30,590 

26,510 

31,657 

119 

4,478.19 

2,696.16 

60 

443.09 

1,338.94 

46 

14 

31,350 

25,580 

32,398 

127 

4,336.09 

2,800.09 

65 

507.76 

1,028.24 

47 

14 

44,580 

37,480 

41,791 

112 

6,105.98 

3,665.75 

60 

624.96 

1,815,27 

48 

14 

36,770 

28,580 

35,076 

123 

5,026.43 

3,052.36 

61 

546.36 

1,427.71 

49 

6 

17,960 

13,270 

16,180 

122 

2,457.43 

1,425.48 

58 

272.36 

759.59 

50 

8 

25,270 

18,090 

19,900 

110 

3,424.19 

1,733.33 

51 

309.39 

1,381.47 

51 

5 

12,180 

10,230 

11,869 

116 

1,724.08 

1,033.92 

60 

182.07 

508.09 

52 

2 

6,580 

5,480 

6,246 

114 

897.04 

538.53 

60 

82.26 

276.25 

53 

4 

11,840 

8,970 

10,421 

116 

1,634.23 

886.61 

54 

141.51 

606.11 

54 

4 

14,480 

11,850 

14,461 

122 

1,979.64 

1,243.39 

63 

184.13 

552.12 

55 

2 

5,810 

4,950 

5,691 

115 

795.58 

484.95 

61 

64.99 

245.64 

56 

1 

2,940 

1,640 

3,165 

193 

434.73 

271.59 

62 

57.36 

105.78 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

1 
0 
3 
0 
1 
0 
2 
0 
0 
0 

1 

3,040 

2,550 

2,179 

85 

366.99 

185.25 

50 

21.29 

160.45 

11,770 

9,940 

11,422 

115 

1,585.98 

983.40 

62 

153.90 

448.68 

3,500 

2,940 

3,486 

119 

419.35 

291.87 

70 

38.41 

89.07 

7,460 

6,300 

7,245 

115 

1,013.23 

621.84 

61 

95.82 

295.57 

4,230 

3,360 

3,526 

105 

624.43 

293.12 

47 

40.50 

290.81 

Total   or 

2,980 

2,362,010 

2,019,870 

2,689,050 

133 

363,020.62 

229,944.81 

63 

40,080.04 

92,995.77 

average 

-  As  scaled  by  Forest  Service  scaler.  Bureau  log  scaling  rules,  Scribner  Decimal  C  log  rule. 

2/ 

-  Lumber  tally  volume  as  percentage  of  net  scale  volume. 

3/ 

-  Lumber  cubic  volume  as  percentage  of  log  cubic  volume. 
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Table  30. --Lumber  grade  yields  by  scaling  diameter,  No.  1  Peeler  grade  woods-length  logs 


Log 
scaling 
diameter 
(inches) 

Number 

Lumber 

Lumber  grades 

of 
logs 

tally 
volume 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.   1 
Shop 

No.    2 
Shop 

No.   3 
Shop 

Select 
Struc- 
tural-!-^ 

Construc- 
tion 

Standard 

Utility  Economy 

ioard  fee 
2,772 

_     _     _     pfsv./^^.,*-     ^r     l^mh^yy 

tally   Ik 
0 

31 

2 

34.49 

20.17 

7.97 

0 

0 

0 

0 

20.09 

6.42 

0.72 

5.63 

4.51 

32 

2 

1,949 

6.05 

26.83 

22.58 

0 

0 

0 

0 

0 

10.47 

12.83 

4.31 

13.85 

3.08 

33 

3 

5.693 

12.88 

23.98 

4.00 

0 

3.21 

4.78 

6.24 

.23 

16.58 

9.87 

3.44 

11.72 

3.07 

34 

3 

5,674 

47.43 

11.63 

1.34 

.55 

6.54 

4.93 

2.06 

.83 

12.44 

5.25 

3.01 

3.12 

.86 

35 

3 

6,420 

12.32 

11.57 

10.03 

8.64 

5.02 

.73 

1.09 

.16 

18.72 

18.83 

5.51 

5.79 

1.57 

36 

3 

3,113 

61.77 

15.03 

1.73 

0 

0 

.42 

.87 

0 

9.44 

8.19 

1.06 

.93 

.55 

37 

2 

3,272 

23.41 

23.90 

8.28 

0 

1.47 

0 

.21 

0 

12.04 

17.15 

10.48 

2.60 

.46 

38 

4 

8.131 

14.36 

17.76 

8.06 

.39 

1.75 

5.50 

6.75 

2.63 

10.21 

19.35 

6.53 

3.87 

2.84 

39 

8 

14.399 

35.83 

18.06 

5.95 

6.43 

0 

.61 

.61 

.07 

15.83 

7.12 

2.92 

4.38 

2.19 

40 

2 

2,793 

29.25 

19.51 

0 

0 

0 

0 

.25 

.25 

9.88 

15.68 

15.93 

7.52 

1.72 

41 

2 

1,729 

17.64 

32.97 

1.74 

0 

1.45 

0 

.87 

.75 

15.10 

13.94 

4.86 

5.49 

5.21 

42 

5 

11,589 

30.28 

20.49 

6.94 

0 

6.28 

2.44 

1.82 

.90 

8.86 

6.09 

4.88 

9.19 

1.83 

43 

4 

7,468 

39.77 

25.88 

1.61 

0 

6.64 

2.97 

1.14 

0 

10.62 

6.70 

3.11 

1.79 

.76 

44 

1 

2,647 

16.92 

17.23 

11.94 

33.13 

0 

1.66 

.72 

.38 

3.29 

1.25 

2.12 

7.48 

3.89 

45 

2 

5,475 

29.53 

23.87 

7.32 

0 

.91 

1.30 

.95 

.97 

13.88 

10.05 

3.16 

5.90 

2.16 

46 

4 

7,712 

65.20 

11.84 

.52 

0 

.35 

.19 

.62 

0 

10.22 

8.26 

1.41 

1.18 

.21 

47 

4 

12,404 

28.68 

23.81 

6.66 

10.46 

2.99 

1.62 

3.90 

.80 

6.46 

7.30 

2.30 

3.39 

1.64 

48 
49 
50 

3 
0 
2 

6,262 

50.06 

16.45 

1.68 

0 

3.78 

3.16 

1.90 

1.09 

7.28 

8.61 

4.02 

1.21 

.75 

6,192 

33.03 

26.57 

2.91 

.06 

3.33 

3.59 

4.15 

.76 

6.28 

5.04 

5.31 

7.04 

1.94 

51 
52 

3 

0 

8,694 

55.33 

16.74 

5.21 

8.40 

.20 

.15 

1.58 

.07 

5.18 

2.56 

.60 

2.52 

1.38 

53 
54 

0 
1 

4,679 

48.69 

21.99 

2.78 

0 

9.02 

1.05 

.94 

.49 

5.17 

5.21 

1.00 

3.65 

0 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

2 
0 
0 
0 
2 
0 
0 
0 

1 

0 
0 
0 

1 

5,691 

70.09 

12.56 

1.81 

0 

4.45 

1.28 

.37 

0 

4.62 

1.30 

.91 

1.88 

.72 

8,198 

34.55 

17.00 

3.39 

0 

10.20 

8.09 

3.22 

1.17 

6.40 

3.32 

2.17 

6.32 

4.17 

3,643 

32.75 

15.07 

.66 

0 

10.49 

6.26 

4.28 

.25 

5.98 

3.49 

3.84 

13.23 

3.71 

3,526 

44.07 

28.16 

3.91 

1.64 

0 

0 

0 

0 

2.21 

2.67 

4.03 

5.30 

8.00 

Total   or 

69 

150,125 

36.23 

19.32 

4.93 

3.00 

3.41 

2.28 

2.09 

.55 

9.87 

7.81 

3.53 

4.96 

2.01 

averag 

Includes   1-inch  Select  Merchantable  lumber. 
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Table  31. --Lumber  grade  yields  by  scaling  diameter,  No.  2  Peeler  grade  woods-length  logs 


Log 

Number 
of 
logs 

Lumber 

tally 

volume 

Lumber  grades 

diameter 
( inches) 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.    1 
Shop 

No.   2 
Shop 

No.    3 
Shop 

Select 
Struc- 
tural-L' 

Construc- 
tion 

Standard 

Utility 

Economy 

p^^«^  ^^^-h 

30 

2 

2,044 

20.11 

8.90 

1.32 

0 

9.00 

5.19 

5.43 

1.37          2.54 

14.68 

10.37 

16,10 

4,99 

31 

2 

3,819 

18.98 

17.05 

2.70 

1.13 

1.31 

3.09 

5.16 

0 

23.12 

9.32 

11.42 

4,90 

1,83 

32 

5 

6,517 

21.85 

11.92 

1.69 

.75 

3.82 

5.60 

9.59 

1.33 

12.61 

14.65 

6.83 

5,85 

3,48 

33 

2 

2,383 

42.55 

16.79 

3.02 

0 

0 

0 

0 

0 

16.70 

12.25 

3,57 

4.20 

,92 

34 

3 

6,078 

24.48 

40.77 

4.36 

0 

0 

.33 

.76 

.15 

17.03 

4.39 

4.00 

3.01 

,72 

35 

8 

16,054 

24.08 

22.22 

7.70 

.20 

4.73 

5.39 

4.53 

.70 

11.60 

9.34 

2.54 

4.37 

2,60 

36 

5 

8,878 

34.28 

13.42 

1.43 

.27 

2.13 

.73 

1.85 

.19 

18.47 

14.35 

7.51 

2.74 

2,64 

37 

7 

12,243 

17.14 

18.37 

3.02 

1.39 

4.76 

5.89 

4.15 

.20 

12.16 

13.75 

5.55 

8.19 

5,41 

38 

3 

6,589 

24.91 

22.64 

7.24 

0 

4.58 

3.28 

2.25 

.99 

11.11 

11.87 

3.13 

4.86 

3.16 

39 

6 

11,235 

19.80 

17.45 

2.43 

0 

5.96 

5.78 

7.25 

1.62 

15.67 

8.94 

5,48 

7.87 

1.76 

40 

3 

6,490 

37.27 

16.10 

7.70 

12.42 

.11 

.99 

.34 

1.65 

12.47 

6.46 

1.56 

2.06 

.88 

41 

4 

9,344 

33.36 

17.65 

4.09 

.30 

2.25 

.90 

1.32 

.60 

16.35 

9.44 

4.32 

6.31 

3.10 

42 

3 

7,274 

11.59 

21.69 

4.56 

6.61 

5.17 

5.97 

7.71 

.76 

12.17 

13.71 

3.99 

5.06 

1.02 

43 

5 

14,438 

21.53 

16.39 

8.35 

14.50 

1.77 

2.10 

4.44 

.88 

10.60 

9.57 

4.38 

4.03 

1,46 

44 

5 

11,698 

26.54 

18.89 

11.54 

0 

4.68 

2.03 

2.39 

.64 

8.02 

10.28 

5.97 

5.54 

3.47 

45 

4 

11,050 

33.03 

17.64 

2.25 

1.29 

.48 

.97 

.84 

0 

13.78 

12.69 

7.27 

5.09 

4.68 

46 

3 

6,015 

40.15 

21.46 

4.79 

1.20 

.45 

1.11 

0 

0 

5.80 

6.92 

3.41 

7.55 

7.17 

47 

1 

2,551 

17.52 

18.62 

2.51 

0 

20.31 

4.12 

2.90 

1.57 

10.15 

9.68 

8.11 

3.25 

1.25 

48 

5 

14,649 

24.63 

22.49 

5.22 

5.73 

4.57 

5.14 

7.54 

.41 

6.41 

5.85 

3.22 

5.71 

3.07 

49 

2 

5,597 

17.74 

19.74 

3.29 

.39 

4.09 

6.36 

6,56 

0 

7.97 

7.16 

7.90 

9.77 

9.02 

50 

1 

168 

0 

11.31 

11.90 

0 

6.55 

0 

6.55 

5.36 

6.55 

11.31 

7.14 

19.64 

13.69 

51 

1 

1,728 

23.61 

23.44 

1.39 

0 

0 

0 

.69 

0 

1.22 

12.15 

20.02 

15.05 

2.43 

52 

1 

3,844 

47.03 

22.09 

3.49 

0 

1.40 

3.10 

1.35 

0 

8.06 

5.91 

2.08 

4.45 

1.04 

f3 

1 

2,237 

1.39 

24.81 

4.83 

0 

6.53 

2.64 

5.50 

1.25 

2.06 

6.35 

6.03 

25.48 

13.14 

54 
55 
56 
57 

2 
0 
0 
0 

6,348 

57.75 

14.78 

2.66 

0 

9.25 

2.47 

.83 

.55 

4.44 

2.99 

1.65 

1.95 

.66 

58 
59 
60 
61 
62 
63 

0 
0 
0 
1 
0 
1 

3,486 

40.91 

14.37 

2.95 

1.95 

0 

0 

0 

0 

.46 

10.47 

8.49 

9.04 

11.36 

3,602 

61.10 

17.13 

2.75 

1.44 

0 

0 

0 

0 

1.72 

1.75 

2.75 

6.33 

5.02 

Total   or 

86 

186,359 

27.46 

19.21 

4.85 

2.64 

3.58 

3.20 

3.68 

.60 

11.07 

9.57 

5,00 

5.82 

3.31 

averag 

Includes  1-inch  Select  Merchantable  lumber. 
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Table  32. --Lumber  grade  yields  by  scaling  diameter,  No.  3  Peeler  grade  woods-length  logs 


Log 
scaling 
diameter 
(inches) 

Number 

Lumber 

Lumber  grad 

es 

of 
logs 

tally 
vo 1 ume 

B  &  Btr 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.   1 
Shop 

No.    2 
Shop 

No.    3 
Shop 

Select 
Struc- 
tural-' 

Construc- 
tion 

Standard 

Utility 

Economy 

/ 

ioard  feet 

_      _     _     P^j 

^oent  of 

Iwnber  tally  vo 

ume 

.  -  . 

24 

16 

15,231 

4.95 

7.05 

7.51 

2.51 

1.27 

0.16 

1.71 

0.71 

21.01 

32.42 

11.30 

5.27 

3.13 

25 

27 

28,416 

7.03 

9.88 

3.16 

.92 

1.42 

.82 

1.50 

.33 

30.63 

24.68 

7.30 

8.05 

4.28 

26 

19 

22,842 

6.04 

11.45 

4.43 

6.74 

1.67 

1.46 

2.22 

.53 

18.34 

24.78 

12.44 

7.07 

2.81 

27 

30 

35,513 

7.72 

11.27 

5.25 

5.21 

2.43 

3.23 

4.12 

.37 

18.12 

23.66 

9.51 

7.05 

1.94 

28 

18 

23,170 

5.39 

11.55 

4.18 

2.80 

1.10 

2.29 

2.02 

.32 

28.90 

19.69 

6.98 

10.10 

4.59 

29 

25 

33,239 

8.18 

13.01 

4.75 

2.77 

3.89 

3.78 

4.38 

.55 

19.37 

19.74 

8.42 

8.02 

3.14 

30 

13 

18,566 

15.48 

12.58 

3.65 

.11 

4.51 

2.01 

1.41 

.07 

22.06 

23.03 

6.99 

5.10 

2.89 

31 

24 

38,857 

7.91 

10.25 

5.55 

6.66 

2.21 

3.72 

4.82 

.91 

14.95 

21.02 

8.41 

10.03 

3.56 

32 

23 

39,384 

9.75 

10.55 

5.71 

6.35 

3.36 

3.93 

6.22 

1.65 

15.51 

18.75 

7.76 

7.01 

3.36 

33 

13 

24,471 

8.84 

9.98 

5.92 

6.28 

2.58 

3.52 

4.53 

.98 

17.95 

14.79 

8.78 

11.76 

3.98 

34 

13 

24,032 

20.31 

14.01 

4.81 

3.90 

3.63 

5.14 

4.37 

.66 

13.23 

14.44 

5.91 

6.38 

3.21 

35 

12 

26,900 

11.85 

13.38 

9.51 

2.70 

1.32 

1.09 

3.22 

1.83 

8.23 

23.04 

9.04 

10.65 

4.13 

36 

8 

17,715 

9.20 

12.98 

3.89 

3.52 

1.91 

4.84 

4.54 

1.22 

11.54 

20.31 

11.63 

10.00 

4.32 

37 

9 

20,268 

11.95 

11.64 

4.05 

5.39 

5.78 

3.86 

5.81 

.68 

11.36 

18.29 

10.39 

6.92 

3.86 

38 

14 

31,215 

11.15 

13.85 

8.01 

8.96 

4.46 

5.87 

3.32 

.48 

6.10 

14.99 

8.48 

9.67 

4.67 

39 

12 

25,668 

13.43 

15.36 

6.02 

9.23 

1.88 

4.23 

5.96 

1.38 

11.33 

11.39 

6.46 

8.10 

5.24 

40 

7 

13,738 

19.19 

17.80 

8.93 

4.85 

0 

1.07 

1.08 

.36 

6.09 

12.61 

8.52 

13.27 

6.22 

41 

4 

8,790 

17.35 

14.85 

7.52 

20.00 

0 

.91 

3.13 

1.46 

7.58 

5.53 

5.03 

11.21 

5.24 

42 

6 

15,537 

15.96 

13.58 

11.27 

17.45 

.84 

3.71 

9.14 

2.43 

2.64 

8.08 

6.91 

5.81 

2.18 

43 

4 

10,141 

15.57 

24.12 

9.40 

0 

3.13 

4.15 

4.42 

.52 

7.33 

9.77 

6.91 

12.78 

1.90 

44 

7 

18,210 

14.15 

7.74 

5.55 

6.23 

5.33 

5.08 

4.59 

2.35 

6.56 

15.05 

8.68 

13.37 

5.33 

45 

2 

5,025 

3.58 

8.26 

10.25 

0 

0 

0 

C 

0 

2.23 

18.95 

25.00 

29.71 

1.93 

45 

2 

5,222 

17.83 

14.23 

3.39 

0 

5.69 

10.76 

14.69 

1.38 

13.75 

7.53 

4.59 

4.81 

1.25 

47 

3 

8,053 

3.99 

15.82 

10.53 

4.82 

2.82 

5.45 

10.47 

1.75 

11.05 

12.70 

6.99 

10.57 

2.93 

48 

3 

10,343 

26.43 

19.54 

7.45 

0 

3.73 

2.83 

3.74 

.56 

12.85 

11.92 

3.13 

6.09 

1.60 

49 

1 

3,349 

8.09 

3.73 

13.20 

28.81 

1.49 

7.08 

3.28 

1.22 

0 

4.35 

3.54 

20.33 

4.75 

50 

51 

1 
0 

2,594 

13.69 

13.30 

.35 

0 

13.22 

12.84 

7.59 

2.62 

7.36 

9.25 

5.59 

12.26 

1.93 

52 
53 

0 
1 

3,234 

43.04 

23.10 

2.57 

.59 

0 

0 

0 

0 

10.67 

11.59 

.99 

3.87 

3.49 

54 

1 

3,434 

28.07 

42.11 

2.91 

0 

0 

0 

0 

0 

7.51 

3.57 

0 

13.31 

2.42 

Total   or 

318 

533,259 

11.21 

12.61 

5.97 

5.34 

2.70 

3.35 

4.16 

.92 

14.59 

18.17 

8.29 

8.95 

3.63 

averagi 

y 

ncludes 

1-inch  Se 

lect  Merc 

hantable 

lumber. 

41 


Table  33. --Lumber  grade  yields  by  scaling  diameter,  Special  Peeler  grade  woods-length  logs 


Log 
scaling 
diameter 
(inches) 


Number 
of 
logs 


Lumber 

tally 

volume 


Lumber  grades 


B  &   Btr. 
Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


No.  1 
Shop 


No.  2 
Shop 


No.  3 
Shop 


Select 
Struc- 
tural!/ 


tion 


Standard  Utility 


Economy 


Board  feet 



-  -  -  Percent 

of 

lumber 

tally 

volume   -  - 



18 

25 

14,694 

0.80 

2.22 

4.04 

3.48 

0.47 

0.50 

1.72 

0.99 

35.42 

32.35 

10.07 

5.78 

2.16 

19 

16 

10,882 

.65 

4.57 

2.32 

1.29 

.04 

.85 

1.32 

.35 

39.72 

26.38 

7.60 

12.43 

2.48 

20 

28 

21,877 

1.01 

4.98 

3.57 

2.86 

.02 

.94 

2.23 

.43 

34.34 

31.35 

11.04 

5.50 

1.71 

21 

24 

17,290 

2.65 

5.25 

4.08 

2.15 

.21 

.09 

1.45 

.86 

35.60 

26.27 

11.60 

8.18 

1.61 

22 

27 

22,219 

3.49 

11.18 

5.19 

5.49 

.18 

1.41 

2.30 

.26 

27.58 

23.75 

11.13 

6.57 

1.46 

23 

30 

30,277 

5.32 

9.56 

5.20 

2.02 

.04 

.91 

2.42 

.40 

28.76 

30.92 

6.19 

5.18 

3.08 

Total  or  150 
average 


117,239 


2.78 


6.99 


4.32 


2.97 


2.03 


32.44   28.71 


9.45 


6.69 


2.13 


Includes  1-inch  Select  Merchantable  lumber. 


Table  34. --Lumber  grade  yields  by  scaling  diameter,  No.  1  Sawmill  grade  woods-length  logs 


Log 
seal ing 
diameter 
(inches) 


Number 

of 

logs 


Lumber 

tally 

volume 


Lumber  grades 


B  &  Btr. 
Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


No.  1 
Shop 


No.  2 
Shop 


No.  3 
Shop 


Select 
Struc- 
tural!/ 


Construc- 
tion 


StandardiUtility 


Econoniy 


35 

1 

36 

0 

37 

0 

38 

2 

39 

0 

40 

1 

41 

0 

42 

0 

43 

0 

44 

0 

45 

0 

46 

0 

47 

0 

48 

0 

49 

0 

50 

0 

51 

1 

Board  feet     ---------------------  Percent  of 

1,647  2.13  6.31  1.94  0  20.52       10.44 


4,250  14.42         14.87         15.86 

2,273  13.42  18.21  2.42 


,85 


4.28    1.22 
12.89    7.39 


lumber 
2.06 

1.65 
4.66 


tally 
1.58 


volume  - 
19.67 

16.24 
18.92 


17.30 

14.56 
9.41 


5.15 
7.00 


7.35 

7.29 
4.31 


1.46 

3.32 
1.36 


51      1 

1,447 

56.46 

21.08 

3.32 

0 

0 

0 

0 

0 

2.21 

5.25 

.97 

.55 

10.16 

Total  or   5 
average 

9,617 

18.40 

15.13 

8.41 

.37 

8.45 

4.08 

2.18 

.40 

15.35 

12.42 

5.66 

5.58 

3.57 

Includes  1-inch  Select  Merchantable  lumber. 
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Table  35. --Lumber  grade  yields  by  scaling  diameter.  No.  2  Sawmill  grade  woods-lengfh  logs 


Log 
scaling 
diameter 
(inches) 


Number 
of 
logs 


Lumber 

tally 

volume 


Lumber  grades 


B  &  Btr. 
Select 


C 
Select 


D 
Select 


Moulding 


Factory  No.  1 
Select   Shop 


No.  2 
Shop 


No.  3 
Shop 


Select 
Struc- 
turall/ 


Construc- 
tion 


Standard  Utility  Economy 


12 

73 

Board  feet 
19,148 

0.13 

0.86 

0.68 

0.68 

-   -   -  Percent 
0              0.17 

of  lumber 
0.09 

tally 
0.34 

volume  - 
23.39 

42.03 

16.20 

12.29 

3.15 

13 

65 

19,643 

.08 

.46 

.85 

.47 

0 

0 

.13 

.21 

17.62 

48.87 

22.21 

7.27 

1.82 

14 

85 

29,802 

.18 

1.06 

1.23 

.76 

.09 

.10 

.52 

.45 

19.49 

42.94 

20.36 

9.23 

3.57 

15 

68 

27,866 

.33 

1.57 

1.45 

.69 

.04 

.13 

.67 

.72 

22.31 

42.14 

19.66 

7.82 

2.47 

16 

59 

27,756 

.31 

1.91 

.93 

.77 

.02 

.11 

1.28 

.38 

20.73 

43.31 

18.25 

9.58 

2.41 

17 

84 

41,858 

.45 

1.15 

.98 

1.06 

.10 

.61 

.95 

.61 

22.55 

36.65 

20.45 

11.07 

3.35 

18 

64 

35,478 

.18 

1.45 

1.02 

.55 

.05 

.45 

1.66 

.59 

18.06 

39.02 

21.08 

13.05 

2.84 

19 

53 

34,701 

.60 

2.37 

1.59 

1.24 

0 

.21 

1.18 

.48 

22.23 

36.07 

20.28 

11.94 

1.79 

20 

52 

36,901 

.85 

1.73 

2.14 

1.38 

.07 

.69 

3.02 

.50 

13.06 

39.92 

20.14 

12.20 

4.30 

21 

51 

41,821 

1.12 

2.23 

1.65 

.95 

.24 

.59 

2.52 

.63 

14.91 

41.02 

17.18 

12.83 

4.13 

22 

50 

41,036 

1.05 

1.58 

2.00 

1.35 

.35 

1.05 

4.44 

.74 

14.93 

32.97 

20.95 

14.11 

4.49 

23 

58 

52,578 

1.47 

2.01 

1.77 

1.00 

.16 

K27 

2.54 

.41 

13.10 

33.73 

21.31 

16.58 

4.64 

24 

52 

54,093 

1.90 

3.70 

2.36 

2.26 

1.52 

3.50 

5.32 

.99 

14.83 

32.16 

15.15 

11.29 

5.01 

25 

49 

51,164 

2.12 

4.29 

2.88 

1.67 

.77 

1.60 

3.60 

1.33 

12.54 

30.54 

18.85 

15.25 

4.57 

26 

37 

44,027 

2.16 

3.83 

3.56 

2.01 

.97 

2.82 

5.22 

.82 

13.93 

30.24 

16.93 

13.04 

4.44 

27 

32 

43,892 

2.96 

5.10 

3.26 

2.56 

.92 

1.93 

3.25 

.53 

16.65 

28.90 

18.09 

11.33 

4.43 

28 

39 

50,324 

2.74 

5.50 

3.19 

2.23 

1.34 

2.93 

4.68 

1.01 

15.01 

28.83 

15.54 

13.10 

3.89 

29 

39 

60,630 

3.89 

7.38 

3.50 

3.33 

2.40 

5.10 

6.95 

1.71 

11.16 

24.15 

15.32 

10.90 

4.21 

30 

30 

42,707 

3.52 

6.11 

5.41 

4.37 

1.81 

3.87 

7.28 

1.20 

9.79 

23.13 

14.59 

14.02 

4.90 

31 

32 

49,979 

4.46 

4.45 

2.50 

2.81 

2.61 

4.05 

7.35 

1.18 

12.15 

22.28 

17.07 

13.32 

5.79 

32 

28 

44,683 

3.25 

4.43 

2.89 

3.48 

1.28 

5.79 

7.00 

.92 

6.26 

23.58 

15.95 

17.88 

7.30 

33 

34 

61,322 

5.06 

6.06 

3.10 

1.94 

1.76 

2.63 

5.10 

1.09 

11.12 

22.54 

17.64 

16.26 

5.70 

34 

25 

45,424 

5.71 

6.71 

5.70 

6.18 

1.17 

3.61 

7.15 

1.48 

5.79 

21.22 

16.39 

13.73 

5.18 

35 

17 

34,522 

3.39 

6.66 

4.94 

4.36 

1.55 

4.19 

4.41 

.84 

9.87 

19.72 

16.68 

18.07 

5.22 

36 

20 

38,260 

3.46 

7.73 

5.81 

3.96 

1.20 

4.24 

5.89 

1.91 

4.94 

20.08 

15.53 

19.11 

6.12 

37 

13 

20,895 

3.16 

8.49 

3.21 

3.79 

5.28 

8.24 

5.64 

1.01 

4.48 

24.46 

13.20 

12.64 

6.40 

38 

13 

28,364 

4.52 

8.76 

4.51 

6.46 

.58 

6.08 

5.69 

1.42 

4.92 

17.61 

15.42 

18.31 

5.73 

39 

12 

30,236 

6.18 

9.03 

3.16 

2.22 

2.52 

3.99 

5.23 

1.48 

8.56 

19.74 

13.94 

16.06 

7.89 

40 

9 

20,668 

3.86 

9.80 

5.51 

5.10 

2.40 

6.43 

9.11 

1.99 

4.49 

17.05 

16.25 

14.53 

3.48 

41 

9 

27,102 

9.60 

9.01 

5.07 

.37 

.75 

1.29 

2.90 

.23 

11.16 

19.19 

13.28 

22.35 

4.81 

42 

3 

7,154 

20.62 

13.42 

3.30 

0 

11.64 

6.30 

4.24 

.42 

7.58 

8.34 

8.29 

12.66 

3.19 

43 

7 

16,289 

4.28 

5.77 

3.73 

5.40 

5.54 

10.38 

9.71 

2.54 

3.30 

10.52 

13.29 

17.73 

7.82 

44 

3 

6,326 

5.45 

13.75 

2.50 

7.02 

.54 

5.80 

7.32 

1.15 

5.50 

15.82 

10.84 

19.16 

5.14 

45 

4 

10,107 

3.75 

17.52 

2.51 

.94 

2.11 

3.69 

5.65 

1.78 

2.22 

16.40 

16.89 

20.06 

6.48 

46 

4 

11,423 

5.82 

9.24 

7.02 

14.37 

1.43 

2.84 

5.17 

2.75 

1.72 

7.02 

7.36 

17.27 

17.98 

47 

5 

16,513 

20.54 

16.22 

6.76 

4.38 

5.89 

5.31 

4.83 

.37 

10.19 

7.97 

8.55 

6.01 

2.98 

48 

2 

2,609 

5.63 

15.64 

3.95 

0 

0 

0 

0 

0 

2.03 

5.83 

6.40 

23.92 

36.60 

49 

3 

7,234 

10.64 

12.39 

2.21 

0 

10.70 

14.17 

9.04 

.98 

3.12 

7.30 

6.43 

15.87 

7.15 

50 
51 

3 

0 

7,681 

1.99 

4.44 

3.10 

8.93 

0 

6.42 

11.80 

2.68 

1.05 

9.20 

7.55 

32.69 

10.14 

52 
53 
54 

0 
2 
0 

4,950 

5.50 

9.37 

3.90 

.15 

0 

0 

0 

0 

.32 

9.27 

7.29 

37.84 

26.24 

55 
56 

0 
1 

3,165 

.70 

7.93 

6.67 

0 

0 

0 

0 

0 

0 

13.78 

14.19 

48.63 

8.12 

57 
58 
59 

1 
0 

1 

2,179 

2.16 

7.99 

.78 

.37 

0 

0 

0 

0 

2.39 

13.95 

7.34 

29.42 

35.61 

3,224 

18.11 

17.56 

5.61 

1.89 

0 

0 

0 

0 

0 

15.60 

8.59 

21.65 

10.98 

Total   or   1 

,291 

1,255,734 

3.21 

5.07 

3.05 

2.55 

1.32 

2.88 

4.42 

.98 

12.44 

28.01 

16.88 

14.19 

5.02 

average 

Includes  1-inch  Select  Merchantable  lumber. 
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Table  36. --Lumber  grade  yields  by  scaling  diameter,  No.  3  Sawmill  grade  woods-length  logs 


Log 

Number 
of 
logs 

Lumber 

tally 

volume 

Lumber  grades 

scdl 1 ng 

diameter 

(inches) 

B  &  Btr. 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

No.    1 
Shop 

No.   2 
Shop 

No.    3 
Shop 

Select 
Struc- 
tural!/ 

Construc- 
tion 

Standard 

Utility 

Economy 

£;,1,T.1,.T         +-^,5^- 

_     _     _    payj^^yrf-     ^-f    l^^h^-, 

-  tally  ! 
0 

^0  LtUTIO     — 

5 

7 

495 

1.41 

2.42 

0 

0 

0 

0 

0 

4.65 

50.51 

22.22 

15.15 

3.64 

6 

56 

3,617 

.77 

1.00 

.22 

0 

0 

.47 

0 

0 

13.33 

49.35 

19.77 

11.69 

3.40 

7 

47 

4,198 

.57 

.10 

.69 

0 

.12 

0 

.26 

.26 

9.89 

49.55 

22.89 

10.43 

5.24 

8 

97 

11,532 

.32 

.76 

.24 

.25 

0 

.08 

.23 

0 

11.19 

49.33 

23.92 

10.48 

3.20 

9 

107 

15,513 

.08 

.50 

.49 

.57 

0 

0 

.29 

.16 

7.95 

38.05 

29.68 

18.92 

3.31 

10 

96 

16,266 

.12 

.75 

.57 

.13 

0 

.04 

.19 

.19 

11.32 

38.44 

25.49 

18.19 

4.56 

11 

114 

22,821 

.44 

.62 

.71 

.58 

.11 

.01 

.09 

.12 

18.04 

39.63 

22.07 

13.11 

4.47 

12 

35 

8,303 

.10 

.31 

.05 

.72 

0 

0 

.49 

.30 

8.03 

31.02 

31.40 

22.85 

4.72 

13 

39 

8,628 

.12 

1.54 

.42 

.43 

0 

0 

.58 

1.46 

4.02 

24.20 

31.66 

27.71 

7.86 

14 

37 

11,191 

0 

.63 

.32 

.56 

0 

.27 

2.73 

1.97 

2.43 

25.45 

33.04 

26.40 

6.22 

15 

35 

12,164 

.26 

.53 

.30 

0 

0 

0 

.28 

.58 

2.01 

31.45 

34.82 

21.93 

7.84 

16 

37 

12,848 

.04 

.34 

.47 

.10 

.16 

.25 

1,35 

.31 

3.53 

24.81 

28.55 

30.32 

9.77 

17 

37 

16,320 

.59 

.40 

.80 

.23 

.12 

.26 

2.97 

1.52 

4.25 

19.93 

28.73 

32.41 

7.79 

18 

25 

8,154 

.09 

.12 

.16 

.47 

.16 

.34 

3.32 

1.61 

2.58 

26.06 

29.24 

26.34 

9.52 

19 

28 

16,306 

.31 

.50 

.48 

.53 

.02 

.57 

2.54 

.89 

1.94 

26.26 

32.81 

24.71 

8.43 

20 

25 

14.655 

.36 

.42 

.51 

.28 

.20 

.19 

1.77 

.61 

6.46 

24.76 

29.68 

24.18 

10.57 

21 

30 

17,705 

.66 

1.10 

.72 

.23 

.23 

.21 

1.77 

.98 

4.94 

17.00 

26.94 

34.30 

10.93 

22 

23 

13,662 

1.09 

1.71 

1.24 

.38 

0 

.42 

2.28 

.72 

3.70 

24.45 

29.32 

26.40 

8.28 

23 

20 

15,298 

.54 

1.55 

1.34 

1.32 

.03 

.95 

4.89 

.87 

3.56 

16.04 

26.85 

31.00 

11.06 

24 

22 

17,048 

.37 

.56 

2.01 

2.35 

.15 

2.75 

12.48 

1.75 

4.32 

20.67 

21.47 

23.21 

7.92 

25 

19 

16,470 

.35 

1.93 

1.65 

2.25 

.49 

2.93 

6.67 

1.01 

2.08 

18.79 

28.65 

23.70 

9.49 

26 

19 

20,274 

.41 

.74 

1.02 

1.07 

.59 

3.50 

6.74 

2.55 

2.66 

22.66 

25.45 

24.72 

7.89 

27 

18 

21,288 

.60 

2.77 

1.38 

2.13 

1.60 

3.39 

8.17 

1.87 

2.44 

14.99 

23.92 

30.59 

6.15 

28 

12 

11,760 

1.11 

2.24 

1.89 

2.57 

0 

2.03 

5.67 

.99 

3.87 

27.47 

22.44 

20.33 

9.39 

29 

14 

16,659 

.49 

1.38 

1.15 

2.01 

.23 

1.65 

3.92 

.82 

2.68 

17.79 

19.30 

31.14 

17.43 

30 

9 

10,202 

.12 

2.14 

.95 

.31 

.29 

3.41 

9.80 

2.62 

.12 

7.52 

24.18 

37.27 

11.27 

31 

7 

11,019 

.52 

4.24 

1.60 

0 

.85 

2.01 

3.18 

.95 

1.70 

15.20 

22.70 

32.83 

14.23 

32 

11 

16,514 

1.94 

3.66 

2.58 

.73 

1.62 

2.94 

7.41 

1.50 

.57 

8.62 

17.43 

36.05 

14.95 

33 

2 

4,014 

.27 

1.79 

2.82 

0 

.82 

0 

2.89 

.87 

2.67 

14.80 

38.69 

29.47 

4.91 

34 

5 

5,164 

.46 

1.99 

1.20 

0 

.89 

2.58 

7.71 

1.41 

3.87 

12.28 

11.33 

41.58 

14.70 

35 

4 

6,409 

2.11 

2.53 

3.65 

5.09 

4.68 

9.10 

13.47 

2.00 

0 

4.63 

5.49 

32.27 

14.99 

36 

2 

2,833 

0 

3.60 

1.76 

0 

6.95 

8.93 

5.05 

1.06 

2.40 

6.57 

21.32 

30.43 

11.93 

37 
38 
39 

3 

0 
4 

5,392 

.06 

.54 

1.28 

2.56 

0 

3.86 

11.89 

1.67 

.72 

4.66 

19.70 

38.46 

14.61 

7,801 

.24 

2.91 

2.44 

.35 

1.95 

.24 

5.78 

.82 

.10 

4.01 

9.55 

52.70 

18.91 

40 

2 

4,120 

.92 

5.53 

2.14 

0 

1.50 

12.43 

14.95 

2.65 

.44 

8.86 

22.65 

18.23 

9.71 

41 

1 

2,123 

.19 

0 

2.78 

6.36 

1.04 

17.90 

38.62 

3.77 

0 

1.13 

.19 

13.57 

14.46 

42 

2 

3,240 

5.46 

8.49 

1.20 

.22 

0 

5.15 

10.19 

2.50 

2.81 

12.56 

19.35 

16.64 

15.43 

43 

3 

7,706 

9.49 

12.29 

4.66 

.17 

.48 

2.65 

6.03 

3.41 

5.77 

4.23 

6.44 

29.13 

15.25 

44 
45 
46 

2 
0 

1 

5,829 

3.57 

9.28 

4.77 

0 

.75 

4.01 

4.41 

2.30 

.33 

6.66 

12.92 

47.23 

3.77 

2,026 

.39 

2.07 

1.88 

0 

0 

0 

0 

0 

0 

4.69 

15.00 

63.52 

12.44 

47 

1 

2,270 

.44 

6.74 

2.91 

0 

5.64 

4.32 

5.33 

2.03 

10.31 

13.61 

21.15 

20.04 

7.49 

48 

1 

1,213 

4.45 

2.72 

7.01 

0 

.66 

4.04 

2.23 

3.13 

0 

.49 

4.29 

55.73 

15.25 

49 

0 

__ 

__ 

__   " 

-- 

__ 

__ 

__ 

-_ 

__ 

_- 

-- 

__ 

__ 

__ 

50 
51 
52 

1 
0 

1 

3,265 

7.41 

12.71 

1.41 

0 

16.91 

4.32 

10.26 

.21 

5.94 

12.01 

12.25 

11.52 

5.05 

2,402 

0 

3.79 

2.87 

0 

0 

0 

0 

0 

0 

0 

4.75 

74.52 

14.07 

Total   or 

1,061 

436,717 

.79 

1.85 

1.25 

.87 

.63 

1.71 

4.43 

1.15 

4.63 

22.14 

24.35 

27.07 

9.15 

averagf 

Includes   1-inch  Select  Merchantable  lumber. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

A  high- site-quality  Douglas-fir  stand  was  first  thinned  when 
about  57  years  old  and  at  5-year  intervals  thereafter  through 
approximately  age  72.  Before  the  stand  was  first  thinned,  it  had 
about  150  stems  per  acre,  with  a  naean'  d.b.h.  of  1  7  inches.  The 
thinnings  evidently  caused  about  a  10-percent  reduction  in  gross 
growth  per  acre.  On  the  other  hand,  1  5-year  diameter  growth  of 
surviving  trees  was  29  percent  greater  in  thinned  than  in  unthinned 
stands.  The  reduction  in  gross  growth  was  more  than  offset  by 
forestalling  and  salvaging  mortality.  As  a  result,  if  the  final 
harvest  is  made  10  years  after  the  last  thinning, at  about  age  82, 
thinnings  will  have  brought  about  an  estimated  5-percent  increase 
in  total  usable  production.  It  should  be  recognized  that  removal  of 
volume  in  these  thinnings  will  have  resulted  in  about  a  20-percent 
reduction  in  volume  to  be  cut  at  that  final  harvest.  If  final  harvest 
is  delayed  longer,  the  difference  in  available  volume  in  thinned 
and  unthinned  stands  will  lessen  somewhat,  prinaarily  because  of 
greater  mortality  in  the  unthinned  stand. 


Keywords:     Douglas-fir,    thinning  (trees),    forest  yield, 

dianneter    increment,     stand  volunne  increment, 
mortality,     merchantable  volume. 


Land   managers   have    expressed    considerable    interest    in    gains    to   be 
achieved  by  thinning  stands  of  trees.      Many  are  interested  not  only  in  what  can 
be  gained  by  thinning  at  very  young  ages  but  also  in  what  is   gained  if  thinnings 
are  delayed  beyond  the  optimum  initial  entry  time.      This  paper  reports   some 
consequences  of  making  delayed,    light,    frequent  thinnings  in  a  high- site-quality 
stand  of  nearly  pure  Douglas-fir  (Pseudotsuga  menziesii     (Mirb.  )  Franco). 

METHODS 

LOCATION  AND  LAYOUT  OF  STUDY 

In  1949,    the  McCleary  Experimental  Foresti.'    was  established  near  the 
town  of  McCleary,    in  Grays  Harbor  County,    Washington,    for  the  purpose  of 
conducting  studies  and  demonstrations  in  management  of  young-growth  forests. 
Results  presented  herein  are  derived  from  1/5-acre  plots  which  sample  about 
125  acres^'--95  thinned  and  30  unthinned.     Sixteen  plots  were  clustered  quite 
tightly  within  the  unthinned  portions  of  the   stand,    whereas   18  plots  were  scattered 
over  the  thinned  portions.      The  area  designated  for  thinning  was  divided  into  five 
subareas,    each  of  which  was  thinned  in  successive  years  on  a  5-year-cycle. 
Each  subarea  was   sampled  by  one  to  six  plots   (fig.    1). 


LEGEND 

•  SAMPLE  PLOT 
P  UNTHINNED  AREA 


THINNED  AT  AGES 
^  55,60,65,70     D  58,63,68,73 
ED  56,61,66,71       Q  59,64,69,74 
^  57,62,67,72 


Figure  /.--Layout  of  thinning  units  and  sample  plots  within 
Douglas-fir  portion  of   McCleary   Experimental   Forest 


—  Maintained  by   the  Pacific  Northwest  Forest  and  Range  Experiment  Station 
in  cooperation  with  Simpson  Timber  Company. 

—  Other  portions  of  the  Experimental  Forest  fall   largely  outside  the 
Douglas-fir  type  and  are  excluded  from  consideration  in  this  paper. 
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MEASUREMENTS 

Diameters   (d.  b.  h.  )  of  all  tagged  trees  were  measured  on  each  plot  at 
approximately  5-year  intervals,    coincident  with  the  thinning  cycle.      In  some 
instances,    measurements  were  made  during  the  growing  season,    thus  resulting 
in  fractional  numbers  of  years  between  measurements.      Heights  of  a  few  of 
these  trees,    on  selected  plots,    were  measured  at  less  frequent  intervals.      At 
age  76,    heights  of  at  least  five  trees  on  each  plot  were  measured,    and  ages  of 
two  dominant  trees  per  plot  were  determined. 


ESTIMATION  OF  VOLUME 

Volumes  were  computed  by  means  of  tarif-volume  equations.  —  '     Tarif 
access  tables_'   were  used  to  determine  tarif  numbers  of  trees  measured  for 
height,    and  tarif  numbers  at  age  76  were  thus  assigned  to  plots.     Average  tarif 
numbers  were  44.  4  for  the  thinned  stand  and  48.  0  for  the  unthinned  stand.      For 
past  tarif  numbers,    an  average  rate  of  increase  in  tarif  number  of  0.  3  per  year, 
based  on  trees  which  had  also  been  measured  previously  for  height,    was  assigned 
to  all  plots.      By  applying  these  to  tarif-volume  equations,    local  volume  tables 
were  derived  for  each  plot  for  each  measurement  year,    thus  allowing  estimation 
of  past  volume  and  volume  growth.      There  is   some  evidence  that  the   real  rate 
of  increase  in  tarif  number  may  have  been  a  little  less  with  thinning  than  with- 
out thinning.      If  so,    we  have  underestimated  initial  volume  and  overestimated 
volume  growth  of  thinned  stands   relative  to  unthinned  stands. 

PRESENTATION  OF  DATA 

For  simplicity  of   presentation,    data    for  the  subareas  have  been  averaged 
for    thinned  and  unthinned    stands.      Since    measurements    and   thinnings    were 
staggered  in  time  and  subareas  were  sampled  by  variable  numbers  of  plots,    all 
averages   (including  number  of  years  in  gro'wth  period)  are  weighted  by  number 
of  plots  in  each  subarea.      Thinned  stand  ages  given  are  plus  or  minus   2  years; 
most  are  within  1   year.      The  average  ages  at  time  of  measurements  in  thinned 
and    unthinned    stands    do    not    coincide,     but   we    believe    they    are    sufficient   for 
reasonable  comparisons. 


♦ 


2/ 

—  K.    J.    Tumbull  and  G.    E.    Hoyer.      Constmiotion  and  analysis  of  comprehensive 

tree-volume  tarif  tables.      State  Wash.    Dep.   Nat.   Resour.   Manage.    Rep.    8,    63  p.,    1965. 

Tarif-volume  equations  provide  a  series  of  harmonized  volume/d.b.h.    curves, 

each  indexed  by  a  tarif  number.      The  tarif  number  is   the  cubic  volume    (from  stump 

to  4-inch  top)   for  a  tree  of  1.0  square  foot  of  basal  area. 
4/ 

—  Gerald  E.    Hoyer.      Tarif  access   tables  for  the  Pacific  Northwest.   State  Wash. 

Dep.    Nat.    Resour.,    1966. 


STUDY  AREA 


SITE  CONDITIONS 


The  experimental  area  lies  on  gentle  to  medium  slopes  at  elevations  of 
300  to  600  feet.      Both  climate  and  soil  favor  rapid  tree  growth.      A  nearby- 
weather  station,    at  Elma,    shows  an  average  annual  precipitation  of  66  inches, 
with  14  inches  from  April  through  September.      Average  annual  temperature  is 
51  °   F.  ;  average  from  April  through  September  is   58°   F.      The  average  frost- 
free  growing   season  is  about  185  days.      The   soils,    which  are  derived  from 
glacial  till  with  some  admixture  from  underlying  basalt,    are  predominantly 
Tebo  gravelly  loam--both  normal  and  wet  phases.  —  '      King's    site    index—'     on 
the   34  plots  averaged  138   (low  Site  I)  and  ranged  from  126  to  153. 

THE  STAND 

The  stand  originated  after  repeated  fires  (fig.    2).      It  is   relatively  pure 
Douglas-fir,    with  a  scattering  of  other   species- -mostly  hemlock  and  alder.      On 
the  average,    95  percent  of  the  volume  is  Douglas-fir. 


Figure  2. --Photographs  of  thinned  (left)  and  unthinned  (right)  stands  at  age  67. 
Picture  of  thinned  stand  was  taken  just  before  the  third  thinning 


—  Cart  McMurphy,   Soil  Conservation  Service,   Olympia,    Wash.,   personal 
oommuni cation.      Soil  had  previously  been  classified  as  Olympic  loam. 

R  / 

—  James  E.    King.      Site  index  curves  for  Douglas- fir  in  the  Pacific  North- 
west.     Weyerhaeuser  For.    Res.    Pap.    8,    49  p.,    2966. 


At  age   57,    just  before  initial  thinning,    the   stand  contained  about  150  stems 
per  acre,    with  a  quadratic  mean  d.b.h.  —  '    of  17.  2  inches .      The  basal  area  of  the 
stand  averaged  241    square  feet  per  acre,    and  the  total  volume  averaged  10,460 
cubic  feet  per  acre.      Nearly  90  percent  of  the  trees  were  larger  than  9.  5  inches 
d.b.h.  ,    and  these  contained  about  98  percent  of  the  total  basal  area  and  cubic 
volume. 

The   stand  designated  for  thinning  had  slightly  fewer  and  larger  trees,    5 
percent  less  basal  area,    and  (as  calculated)  15  percent  less  total  cubic  volume^' 
than  the  unthinned  stand  (table  1). 

Table   1. — Stand  oharaoteristias  before  initial  thinning,    trees 
5.5  inches  and  larger  in  d.b.h.,   per-aare  basis 


Item 


Unthinned 


Thinned 


Average 


Age years 

Site   index    (50) 

Stems number 

Mean   d.b.h inches 

Basal  area. .. .square  feet 
Cubic  volume. .. cubic  feet 
Percent  Douglas-fir 


11, 


56.9 

57.3 

57 

141 

136 

138 

157 

142 

149 

17.0 

17.4 

17 

248 

235 

241 

350 

9,670 

10,460 

97 

94 

95 

TREATMENT 

The    areas    designated    for   thinning   were    each   thinned    four    times,     at 
approximately  5-year  intervals.      The  four  thinnings  combined  removed  a  total 
of  50  trees  per  acre,    with  a  mean  d.  b.  h.    of  17.2  inches.      These  trees  contained 
81    square  feet  of  basal  area  and  3,  420  cubic  feet  of  volume  per  acre   (table   2). 
In  addition  to  this,    thinnings   salvaged  about  two-thirds  of  the  mortality,    thus 
increasing  the  harvested  volume  by  about  10  percent. 


The  first  thinning  ■was  heavier  than  subsequent  thinnings  and  also  removed 
larger  trees.      The  diameter  of  cut  trees  was   10  percent  larger  than  the  stand 
average  at  the  first  thinning,    whereas  it  was   1  5  to  20  percent  smaller  than  stand 
average  at  subsequent  thinnings. 


7/ 

—  Quadratic  mean  d.b.h.    is   the  diameter  at  breast  height  of  a  tree  of  mean 

basal  area.      Hereafter,   mean  d.b.h.    refers   to  this  quadratic  mean. 

8/ 

—  Because  of  possible  errors  in  estimates  of  past  tarif  numbers,   as  much  as 

half  of  this  apparent  difference  in  initial  volume  could  be  an  artifact  of  the 
method  of  calculation;   the  remaining  difference  is  associated  with  slight  differ- 
ences in  site  index  and  stand  structure  and  with  incomplete  stocking   (occupancy) 
of  the  area. 


Table  2. — Charaatevistias  of  thinnings    (live  trees) ,  per-aore  basis— 


Thinning 

Number  of 

Mean 

d/D  2/ 
ratio— 

Basa 

1 

Total 

number 

stems 

d.b.h. 

area 

volume 

Inches 

Sq 

Aave 

feet 

Cubic  feet 

1 

15 

19.1 

1.10 

31 

1,250 

2 

14 

15.3 

.84 

18 

740 

3 

12 

16.4 

.83 

18 

770 

4 

8 

17.6 

.82 

14 

650 

Total 

50 

17.2 

— 

81 

3,420 

1/ 

2/ 


Apparent  slight  discrepancies  are  due  to  rounding  of  numbers. 

d  =  mean  d.b.h.  of  cut  trees,  D  =  mean  d.b.h.  of  all  trees  before 


thinning. 


The  first  thinning  removed  13  percent  of  the  live  basal  area  and  cubic 
volume.     Subsequent  thinnings  each  removed  less  volume  than  this,    averaging 
about  8  percent  of  the  volume  present  before  each  thinning.      The  volume  cut  in 
these    latter    three    thinnings    equalled    an    average    of    64    percent    of   the    gross 
growth   accrued   between   thinnings.       Mortality    in   thinned  stands    nullified    an 
additional  14  percent  of  the  gross  growth,    whereas  mortality  in  unthinned  stands 
nullified  26  percent  of  the  gross  growth. 

Thinnings  gradually  reduced  residual  basal  area  to  a  minimum  of  72 
percent  of  that  in  a  comparable  unthinned  stand  (fig.    3);  they  reduced  residual 
cubic  volume  to  a  minimum  of  about  75  percent  of  that  in  a  comparable  unthinned 
stand.      After  the  fourth  cut,    basal  area  was   17  percent  less  than  it  had  been 
before  thinning   15  years  earlier;   cubic  volume  was  about   5  percent  less  than  it 
had  been  before  thinning  15  years  earlier. 

STAND  DEVELOPMENT 

MORTALITY 

Mortality  in  thinned  stands  was  generally  much  less  than  that  in  unthinned 
stands  (table  3).  The  unthinned  stand  lost  27  trees  per  acre  with  a  mean  d.b.h. 
of  12.1  inches,  whereas  the  thinned  stand  lost  only  1  7  trees  with  a  mean  d.  b.  h. 
of  11.6  inches.  Thus,  15-year  cubic  volume  loss  in  the  thinned  stand  was  about 
half  that  in  the  unthinned- -490  vs.    1,  025  cubic   feet. 


Distribution  of  mortality  over  time  and  over  the  area  were  both  very 
erratic.      The  heaviest  mortality  in  the  thinned  stand  was  in  the  first  period. 
However,    this  was  very  strongly  weighted  by  excessive  windthrow  on  only  one 
plot  which  suffered  nearly  three  times  as  much  volume  loss  as  the  maximum 
in  one  period  on  any  other  plot. 
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Figure  3. --Relative  basal  area  growth  and  yield  of  thinned  and  unthinned  stands. 

Table   3. — Mortality  per  aore  in  thinned  and  unthinned  stands, 
trees  5.5  inches  and  larger  in  d.b.h.— 


Total 


14.1 


Period 

Number  of 
years    in 
period!/ 

Number 

of 
stems 

Mean 
d.b.h. 

Basal 
area 

Total 
volume 

Inches 

Square  feet 

Cubic  feet 

Unthinne 

d  stands 

1 

3.5 

8 

11.9 

6 

270 

2 

4.6 

13 

11.9 

10 

420 

3 

6.0 

6 

13.1 

6 

330 

27 


12.1 


22 


1,020 


Thinned  stands 


1 
2 
3 

Total 


4.6 
5.1 
4.9 


14.6 


11.8 
10.0 
13.0 


17 


11.6 


12 


300 

80 

110 


490 


—  Apparent   slight   discrepancies    are   due    to   rounding   of  numbers. 

2/ 

—  Fractional  number  of  years  represent  a  combination  of  (1)  measurement 

made  during  the  growing  season  and  (2)  averaging  of  subareas  having  measurement 
periods  of  different  lengths. 


GROWTH  AND  YIELD 

The    5-year    growth   period    following    the    fourth   thinning   was    not    yet 
completed  on  all  subareas,    so  we  assessed  only  the  effect  of  three  thinnings  on 
15-year  growth.      Our  primary  interest  is  in  volume.      However,    since  volume 
estimates  are  less   reliable  than  basal  area  estimates,    we  have  also  presented 
the  latter  to  provide  a  further  basis  for  comparison.      Because  of  substantial 
within-treatment  variation,    neither  gross  nor  net  increment  differed  signifi- 
cantly among  treatments  when  data  were  adjusted  to  compensate  for  initial  dif- 
ferences in  basal  area  or  volume.  —  ' 

Basal  Area 

Basal  area  of  growing  stock  over  the  15-year  period  varied  between  194 
and  214  square  feet  per  acre  in  the  thinned  stand, -Lii'  whereas  it  steadily  built 
up  from  248  to  281  square  feet  in  the  unthinned  stand  (table  4).  With  these 
lower  levels  of  growing  stock,  the  thinned  stand  grew  (gross  increment)  at  an 
average  rate  of  3.  7  square  feet  per  acre  per  year,  compared  with  3.  9  square 
feet  in  the  unthinned  stand. 

Gross  growth  during  the  first  two  periods  was  evidently  reduced  by  thinning 
When  data  are  adjusted  to  compensate  for  initial  differences  in  basal  area,    we 
see  that  reduction  in  gro'wth  for  the  first  period  may  have  been  nearly  propor- 
tional to  reduction  in  growing   stock  (13  percent).      Thereafter,    relative  growth 
in  the  thinned  stand  improved.      For  the  total  15-year  period,    average  growth 
in  the  thinned  stand  was  only  2.  5  percent  less  than  in  the  unthinned  stand.      The 
thinned  stand  now  apparently  is  making   as  much  growth,    but  with  about  75  per- 
cent as  much  growing  stock,    as  a  coinparable  unthinned  stand. 

Adjusted    basal  areas  of  standing  live  trees  at  age   72   (1  5  years  after 
initial  thinning)  were   201   and  277  square  feet  in  thinned  and  unthinned  stands, 
respectively- -  a  difference  of  76  square  feet.      This  difference  has  been  more 
than  offset  by  the  basal  area  removed  in  live  thinnings  and  salvaged  mortality, 
which  totals  about  88   square  feet.      Thus,    the  thinned  stand  produced  about  12 
square  feet  (4.  3  percent)  more  usable  basal  area  to  age  72  than  did  a  compar- 
able unthinned  stand. 


9/ 

—    Data  were  adjusted  by  expressing  all  values  for  each  treatment  as  a  percent 

of  their  respective  initial  pretreatment  basal  area  or  volume.      To  put  these  on  an 

absolute  basis,    these  peraents  were  multiplied  by  the  average  pretreatment  basal 

area  or  volume. 

—  These  extremes  in  amount  of  growing  stock  are  the  minimum  and  maximim  to 
which  observed  growth  was  added.      They  are,   respectively ,    the  minimum  residual 
basal  area  left  after  any  thinning  and  the  maximum  basal  area  present  just  before 
any   thinning  other  than  the  first. 


Table  4. — Basal  area  growth  and  yield  per  acre  of  thinned  and  unthinned  stands, 

trees  5.5  inches  and  larger  in  d.b.h.— 


It 

Unthinned 

Thinned 

em 

Age 

Basal 
area 

Per 
annum 

Age 

Basal 
area 

Per 

annum 

Years 

— Square 

feet — 

Years 

— Square 

feet — 

Initial  bas 

al  area 

56 

9 

248 

— 

57 

3 

235 

— 

Live  cut 

0 

— 

31 

— 

Residual 

248 

— 

205 

— 

2/ 
Increment- 

15 

4.2 

17 

3.6 

Mortality 

6 

1.9 

7 

1.6 

Live  basal 

area 

60 

4 

256 

— 

61 

9 

214 

— 

Live  cut 

0 

— 

18 

— 

Residual 

256 

— 

196 

— 

2/ 
Increment- 

18 

3.9 

18 

3.5 

Mortality 

10 

2.1 

2 

.5 

Live  basal 

area 

65 

0 

264 

— 

67 

0 

211 

— 

Live  cut 

0 

— 

18 

— 

Residual 

264 

— 

194 

— 

2/ 
Increment- 

22 

3.7 

20 

4.0 

Mortality 

6 

.9 

3 

.6 

Live  basal 

area 

71. 

0 

281 

— 

71 

9 

210 

— 

Live  cut 

0 

— 

14 

— 

Residual 

281 

— 

196 

— 

Totals: 

Increment- 
Mortality 
Live  cut 


55 

22 

0 


3.9 
1.5 


54 
12 
81 


3.7 


1/ 
2/ 


Apparent  slight  discrepancies  are  due  to  rounding  of  numbers. 


Gross  increment;  the  difference  between  starting  and  ending  basal 
area  of  trees  present  at  both  ends  of  the  period. 


Total  Cubic  Volume 

In  the  thinned  stand,    total  cubic  volume  of  growing   stock  tended  to  build 
up  very  gradually,    varying  between  8,430  and  9,810  cubic  feet;  in  the  unthinned 
stand,    it  built  up  steadily  from  11,350  to  14,200  cubic  feet  (table   5).      Associated 
with  these  levels  of  growing  stock,    gross  increment  in  the  thinned  stand  averaged 
232  cubic  feet  per  acre  per  year,    whereas  that  in  the  unthinned  stand  averaged 
275  cubic  feet  per  acre  per  year. 

Table  5. — Total  cubia  volume  grouth  and  yield  per  aove  of  thinned  and 
unthinned  stands,    trees  5.5  inches  and  larger  in  d.b.h.— 


Item 

Unthinned 

Thinned 

Age 

Total 
volume 

Per 
annum 

Age 

Total 
volume 

Per 
annum 

Initial   volume 
Live   cut 
Residual 

Increment- 
Mortality 

Live  volume 
Live   cut 
Residual 

2/ 
Increment- 
Mortality 

Live  volume 
Live   cut 
Residual 

2/ 
Increment- 
Mortality 

Live   volume 
Live   cut 
Residual 


Years 
56.9 


60.4 


65.0 


71.0 


■Cubic  feet- 


11,350 

0 

11,350 

920 
270 

12,000 

0 

12,000 

1,250 

420 

12,820 

0 

12,820 

1,710 
330 

14,200 

0 

14,200 


263 
78 


271 
92 


285 

54 


ears 

Cubic 

feet 

57.3 

9,670 

— 

1,250 

— 

8,430 

— 

1,060 

231 

300 

65 

61.9 

9,190 

— 

740 

— 

8,450 

— 

1,130 

222 

80 

16 

67.0 

9,490 

— 

770 

— 

8,720 

— 

1,200 

245 

110 

23 

71.9 

9,810 

— 

650 

— 

9,160 

— 

Totals: 

Increment- 
Mortality 
Cut 


2/ 


3,880 

1,020 

0 


275 
73 


3,390 

490 

3,420 


232 
34 


1/ 
2/ 


Apparent   slight   discrepancies    are   due   to   rounding   of   numbers. 


—     Gross    increment;    the   difference  between  starting   and   ending  volume 
of    trees    present    at   both    ends    of    the   period. 


Adjustment  of  data  to  compensate  for  initial  differences  in  volume  is 
dependent  upon    assumptions    regarding    reasons    for    these    initial    differences. 
As  noted  previously,    it  is  quite  likely  that  part  of  the  apparent  difference  is 
attributable  to  the  method  of  volume  computation. 

If  we  assume  that  the  entire  difference  in  initial  volume  is   real--due  to 
variation  in  stocking  and  site  quality--then  we   should  adjust  all  values  in  propor- 
tion  to   this    initial   difference.      Based  on  this  assumption,    15-year    cubic-volume 
growth  per  acre  was  virtually  equal  in  thinned  and  unthinned  stands.      Through 
the  course  of  four  thinnings,    volume  in  the  thinned  stand  was   reduced  to  about 
75  percent  of  that  in  a  comparable  unthinned  stand  at  age  72  (fig.    4).      The   sum 
of  standing  volume  at  age  72  plus  volume  removed  in  thinnings  and  salvaged 
mortality  would  be  about  600  cubic  feet,    or  4.  5  percent,    greater  in  the  thinned 
stand  than  in  the  unthinned  stand. 
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Figure  4. --Relative  cubic  volume  growth  and  yield  in  thinned  and  unthinned  stands. 


If,    on  the  other  hand,    we  assume  that  part  of  the  apparent  difference  in 
initial  volume  is  due  to  the  assignment  of  too  great  a  change  in  tarif  number  to 
the  thinned  stand,    then  we  must  correct  the  thinned- stand  values  for  this  before 
making    the    above    adjustment.         Based  on  the  assumption   that    one-quarter    of   the 
apparent    difference    in    initial    volume    was    due    to   this    cause,     15-year    cubic- 
volume  growth  in  the  thinned  stand  was   13  percent  less  than  that  in  a  compar- 
able unthinned  stand.      Adjusted  standing  live  volunies  at  age  72  were   13,610 
and  9,  740  cubic  feet,    respectively,    in  unthinned  and  thinned  stands.      This 


I 


10 


difference  of  3,870  cubic  feet  was  offset  by  about  4,  1  ZO  cubic  feet   removed  in 
thinnings  and  salvaged  mortality.      Thus,    the  gain  from  thinning  was  only  250 
cubic  feet,    or  less  than  2  percent. 

The  truth  probably  lies  somewhere  between  these  extremes,    and  the 
authors  believe  gain  from  thinning  was   closer  to  the  latter. 

Projecting  yields  to  the  future,    we  can  expect  current  differences  in 
standing  volume  between  thinned  and  unthinned  stands  to  diminish  somewhat. 
Gross  growth  should  be  nearly  equal  in  thinned  and  unthinned  stands,    whereas 
mortality  should  be  less  in  thinned  than  in  unthinned  stands.      Therefore,    the 
gains  in  usable  volume  from  thinned  stands  will  increase  by  an  amount  equal 
to  the  difference  between  thinned  and  unthinned  stands  in  volume  of  salvagable 
mortality- -perhaps  as  much  as   50  cubic  feet  per  year.      Thus,    if  we  project 
10  years   (to  age  82),    as  time  of  final  harvest,    the  additional  gain  in  volume 
associated  with  thinning  would  be   500  cubic  feet.      This  would  mean  a  total  gain 
over  the   rotation  of  about  5  percent. 

Merchantable  Volume 

The  results   reported  for  total  cubic  volume  apply  virtually  as  well  to 
merchantable  volume  (table  6).      In  the  thinned  stand,    sawtimber  volume  after 
four  thinnings  was  nearly  equal  to  that  before  the  first  thinning.      In  the  unthinned 
stand,    it  increased  by  about  30  percent  over  the   same  period  of  time.      Thus,    it 
is  apparent  that  had  the   stands  been  identical  before  thinning,    the    residual     saw- 
timber  volume  at  age   72  (immediately  after  the  fourth  thinning)  in  the  thinned 
stand  would  be  about   30  percent  less  than  that  in  the  unthinned  stand.      As  with 
total  cubic  volume,    this  difference  between  thinned  and  unthinned  stands  will 
lessen  somewhat  by  the  time  of  final  harvest. 


ATTAINED  D.  B,  H,    AND  D.  B.  H.    GROWTH 

At  age  72,    mean  d.b.h.  's  in  thinned  and  unthinned  stands  were   21.8  and 
20.  0  inches,    respectively.      Over  the  preceding  1  5-year  period,    mean  d.  b.  h. 
in  thinned  stands  had  increased  by  4.  4  inches,    whereas  mean  d.  b.  h.    in  unthinned 
stands  had  increased  by  3.  0  inches  (table   7). 

This  increase  in  average  d.b.h.    reflects  the  combination  of  actual  growth 
and  immediate  changes  in  d.b.h.    due  to  removal  of  trees  through  thinnings  and 
mortality.      In  examining  growth  of  the  trees   surviving  each  period,    we  find  that 
d.b.h.    growth  averaged  29  percent  greater  in  thinned  than  in  unthinned  stands 
(table  8).      Periodic  annual  d.  b.  h.    increment  was  0.  18  inch  in  thinned  stands, 
compared  with  0.  14  inch  in  unthinned  stands.      This  amounts  to  2.  7  vs.    2.  1 
inches  of  d.  b.  h.    growth  over  a  1  5-year  period. 
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Table  6. — Total  and  merohantable  volumes  in  thinned  and  unthinned  stands. 


trees   5.5  inahes  and  larger  in  d.h.h. ,   per-aare  basis— 


1/ 


Item 


Unthinned  stand 


Thinned  stand 


Thousand  Thousand 

Cubic  feet       board  feet       Cubic  feet       board  feet 


Initial  stand,  age  57; 
Total  cubicl/ 
Merchantable  cubic 
International 
Scribner 

15-year  mortality: 
Total  cubic 
Merchantable  cubic 
International 
Scribner 

Live  cut : 
Total  cubic 
Merchantable  cubic 
International 
Scribner 

Ending  stand,  age  72: 
Total  cubic 
Merchantable  cubic 
International 
Scribner 


11,370 

— 

9,610 

— 

10,780 

— 

9,120 

— 

— 

70.9 

— 

59.0 

— 

60.7 

— 

51.1 

1,020 

^^ 

490 

__ 

920 

— 

430 

— 

— 

5.7 

— 

2.6 

— 

4.5 

— 

2.1 

__ 

__ 

3,420 

__ 

— 

— 

3,140 

— 

— 

— 

— 

21.1 

— 

— 

— 

18.2 

14,390 

__ 

9,180 

13,820 

— 

8,760 

— 

— 

92.6 

— 

59.2 

— 

81.8 

— 

53.7 

—  Adjusted  for  slight  differences  in  age  to  provide  comparable  15-year 
periods;  not  adjusted  for  initial  differences  in  volume. 

2/ 

—  Total  cubic  is  the  total  volume  of  the  stand.   Merchantable  cubic. 

International,  and  Scribner  are  volumes  to  a  6-inch  top  diameter  of  trees 
7.5  inches  and  larger  in  d.b.h. 
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Table  7. — Number  of  trees  per  acre  and  mean  d.b.h.    in  thinned  and 


1/ 


unthinned  stands,    trees  5.5  inches  and  larger  in  d.b.h.—' 


Item 

Unthinned 

Thinned 

Age 

Number  of 
stems 

D.b.h. 

Age 

Number  of 
stems 

D.b.h. 

Years 

Indhe 

Live  trees 

56.9 

157 

17.0 

Cut 

0 

— 

Residual 

157 

17.0 

Mortality 

8 

11.9 

Live  trees 

60.4 

149 

17.7 

Cut 

0 

— 

Residual 

149 

17.7 

Mortality 

13 

11.9 

Live  trees 

65.0 

136 

18.8 

Cut 

0 

— 

Residual 

136 

18.8 

Mortality 

6 

13.1 

Live  trees 

71.0 

130 

19.9 

Cut 

0 

— 

Residual 

130 

19.9 

Total  mortality 
Total   cut 


27 


12.1 


57.3 


61.9 


67.0 


71.9 


Inches 


142 

17.4 

15 

19.1 

127 

17.2 

9 

11.8 

117 

18.3 

14 

15.3 

103 

18.7 

4 

10.0 

99 

19.8 

12 

16.4 

87 

20.2 

3 

13.0 

84 

21.4 

8 

17.6 

76 

21.8 

17 

11.6 

50 

17.2 

1/ 


Apparent  slight  discrepancies  are  due  to  rounding  of  numbers. 
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Table  8. — D.b.h.    growth  of  trees  surviving  eaoh  period^ 
trees   5.5  inches  and  larger  in  d.b.h. 


1/ 


Item 


Unthinned 


Thinned 


Period  1: 

Length  of  period years  3.5  4.6 

Stems number  149  117 

Starting  d.b.h inches  17.2  17.6 

Periodic  annual  increment .. inches  .15  .16 

Period  2: 

Length  of  period years  4.6  5.1 

Stems number  136  99 

Starting  d.b.h inches  18.2  19.0 

Periodic  annual  increment .. inches  .14  .17 

Period  3: 

Length  of  period years  6.0  4.9 

Stems number  130  84 

Starting  d.b.h inches  19.1  20.4 

Periodic  annual  increment .. inches  .13  .21 

Total 

Length  of  period years  14.1  14.6 

Periodic  annual  increment .. inches  .14  .18 

—  Trees  which  died  during  the  period  are  excluded.   Therefore, 
starting  d.b.h. 's  do  not  agree  with  residual  d.b.h. 's  shown  in  table  7. 
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DISCUSSION  AND  CONCLUSIONS 

Thinnings  carried  out  at  McCleary- -especially  the  first--were  light  by 
standards  currently  applied  in  many  parts  of  the  region.      On  the  other  hand, 
some  current  thinnings  are  yet  lighter. 

These    thinnings   resulted   in  a    slight  gain  in  usable  volume.      The  effect 
of  these  thinnings  on  volume  growth  per  acre  is    uncertain,    but  we  estimate 
that  they  caused  about  a  10-percent   reduction  in  gross  growth  over  the   15-year 
period.      This  was    more  than  offset  by  forestalling  and  salvaging  mortality,    so 
that  the  sum  of   the  current  standing  volume  and  volume  already  harvested  from 
the  thinned  stand  is  a  little   greater  than  the  current  volume    in  a  comparable 
unthinned  stand.      The  gain  from  these  past  thinnings  will  continue  to    increase 
somewhat  between  now  and  the  final   harvest,    because  there  will  be  less  mortal- 
ity in  thinned  than    in  unthinned  stands. 

The  thinnings   resulted  in  an  increased  rate  of  growth  of  residual  trees, 
but  the  benefit  of  this  more   rapid  increase  in  tree  size  was  largely  offset  through 
removal  of  larger  than  average  trees  in  the  initial  thinning.      Thus,    residual  trees 
are  not  appreciably  larger  in  the  thinned  stand  than  in  the  unthinned  stand.      With- 
in the  range  represented,    tree  size  has  very  little  effect  on  board-foot:cubic-foot 
ratios,    so  sawtimber  volumes  are  nearly  proportional  to  total  cubic  volumes. 

The  gain  in  total  usable  production  due  to  these  thinnings  will  be  only 
about   5  percent  if  the   stand  is  harvested  10  years  after  the  last  thinning.      The 
primary  gain  from  thinnings  has  been  an  earlier  harvest  of  part  of  the   stand, 
largely  at  the  expense  of  volume  otherwise  available  for  final  harvest.      The 
thinned  stand  will  contain  about  20  percent  less  volume  per  acre  at  that  time 
than  will  the  unthinned  stand.      The  land  manager  must  assess  the  economics 
of  his  particular  situation  to  decide  whether  or  not  this  is  desirable. 

If  final  harvest  is  delayed  longer,  the  difference  in  available  volume  in 
thinned  and  unthinned  stands  will  lessen  by  an  amount  approximately  equal  to 
the  difference  in  volume  of  unsalvable  mortality. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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PREGERMINATION 
TREATMENTS 
FOR  REDSTEM 
CEANOTHUS 
>EEDS 

H.  Gratkowski 


Pacific  Northwest  Forest  and  Range  Experiment  Station 
U.S.  Departnnent  of  Agriculture  Forest  Service 

Portland,  Oregon 


ABSTRACT 

Redstem  ceanothus  seed  coats  can  be  made  permeable 
to  moisture  by  immersing  the  seeds  in  water  preheated 
to  85°  C.  and  allowing  them  to  soak  in  the  water  until  it 
cools  to  room  temperature.    After  heat  treatment,  approxi- 
mately 90  days'  stratification  is  required  to  overcome  embryo 
dormancy  and  allow  after- ripening  before  germination. 

In  treating  large  amounts  of  seed  for  revegetation 
projects,    it  is  recommended  that  the  seed  be  heat-treated 
for  10  minutes  at  85°  C.   and  then  sown  immediately  during 
the  late  fall  rain}^  period,  just  before  snowfall.     They  stratify 
naturally  in  the  cold,  wet  soil  during  winter  and  germinate 
in  spring. 

Seeding  new  burns  and  cuttings  in  the  vicinity  prior  to 
releasing  trees  on  older  cuttings  will  provide  a  continuous 
supply  of  low  browse  and  allow  use  of  the  land  for  production 
of  both  timber  and  wildlife. 


KEYWORDS:    Redstem  ceanothus,  Ceanothus  sanguineus, 
seed    dormancy,  seed  germination. 
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Foresters   and  wildlife  biologists 
have  long  been  interested  in  seeding  palat- 
able native  shrubs  on  forest  and  range 
lands  and  on  winter  range  for  big  game. 
On  forest  land,   shrubs  ameliorate  micro- 
climatic conditions  on  harsh  forest  sites 
and  increase  survival  of  small  trees 
(Wahlenberg  1930,  Gratkowski  1967).     In 
addition,   some  shrubs  also  provide  excel- 
lent browse  and  cover  for  wildlife  (Holm- 
gren 1954,  Brown  and  Martinsen  1959) 
and  may  reduce  browsing  of  young  trees. 

Redstem  ceanothus  (Ceanothus 
sanguineus    Pursh. )  has  often  been  con- 
sidered for  browse  seeding.      It  has  a 
range  extending  from  northern  California 
to  British  Columbia  and  eastward  to  west- 
ern Montana.     The  erect  deciduous  shrubs 
are  only  3  to  10  feet  tall  at  maturity,   and 


their  leaves  and  tender  twigs  are  consid- 
ered good  forage  for  cattle,   sheep,  deer, 
and  elk  (Dayton  1931,   Reid  1942,    Leegc 
1969). 

Initially,  little  was  known  about 
redstem  ceanothus  seeds  and  pregermina- 
tion  treatments  to  break  their  dormancy. 
Most  redstem  seeds,  like  those  of  other 
Ceanothus  spp. ,  evidently  can  remain 
dormant  but  viable  in  the  soil  for  many 
years.      Dormancy  appears  to  be  due  to 
both  impermeability  of  the  seed  coat  to 
water  and  dormancy  of  the  embryo.      Be- 
fore germination  can  occur,  such  seeds 
require  heat  or  scarification  to  breal<  the 
seed  coat  and  allow  the  seed  to  imbibe 
moisture,  followed  by  moist,  cold  strati- 
fication to  allow  after- ripening  of  the 
seed  contents. 


REV/EW  OF  LITERATURE 


Hot  water  treatment  followed  by 
stratification  is  generally  recommended 
to  induce  germination  of  most  ceanothus 
seeds  (Van  Renssalaer  and  McMinn  1942). 
The  usual  treatment  to  overcome  seed 
coat  impermeability  consists  of  immers- 
ing the  seeds  in  hot  water  and  allowing 
them  to  soak  in  the  gradually  cooling 
water  until  it  cools  to  room  temperature. 
Volume  of  water  depends  upon  the  amount 
of  seed  treated.     One  or  2  liters  of  water 
are  sufficient  for  small  lots  of  several 
hundred  seeds. 

Quick  (1935)  determined  that  initial 
water  temperatures  of  70°  to  80°  C.  were 
most  successful  for  breaking  seed  coat 
impermeability  in  18  of  19  Califomian 
species  of  Ceanothus,     Such  treatments 
resulted  in  more  germination  than  that 
obtained  by  boiling  the  seeds  for  1  minute 
or  5  minutes.    Almost  all  species  required 
stratification  after  the  hot  water  treat- 
ment.   Redstem  ceanothus,  however,  was 
not  among  the  species  studied. 


Peterson  (1953)  attempted  to 
develop  pregermination  treatments  for 
redstem  ceanothus  seeds,  but  seedling 
emergence  was  so  low  that  the  treatments 
must  be  termed  unsuccessful.     Some 
seeds  were  scarified  by  puncturing  the 
seed  coat  with  a  dissecting  needle. 
Others  were  given  a  hot  water  treatment 
by  pouring  90    cc.    of  boiling  water 
over  seeds  in  a   100-cc.    beal<;er  and 
allowing  them  to  soak  in  the  cooling 
water  for  30  minutes.      Each  treatment 
was  followed  by  stratification  for  90 
days.      The  low  emergence  percentages 
indicate  that  scarification  may  have 
damaged  the  embryos  and  that  initial 
heat  loss  in  the  small  beakers  may 
have  reduced  water  temperature  below 
the  optimum  required  to  overcome 
seed  coat  impermeability.      Since  the 
greatest  emergence  achieved  was 
only   18  percent  (scarified  and  strati- 
fied),   no  practical  seed  treatment 
was  developed  in   Peterson's  experi- 
ment. 


MATERIALS 


Seeds  used  in  all  three  experiments 
were  collected  by  W.   C.   Kivetti^  during 
1964  at  an  elevation  of  1,600  to  2,000  feet 
above  sea  level  in  the  Cascade  Range 
approximately  50  miles  east  of  Eugene, 
Oregon.     In  this  area,  most  Ceanothus 
seeds  ripen  during  August  and  early  Sep- 
tember.    From  October  1964  until  used 


in  experiments,  the  cleaned  seeds  were 
stored  in  dry  paper  containers  at  3°  C. 
Pregermination  treatments  were  based 
upon  the  author's  intensive  research  on 
germination  of  Ceanothus  seeds  from  1957 
to  1965  (continuing  to  the  present  time) 
and  upon  earlier  work  by  Wright  (1931), 
Sampson  (1944),   and  Quick  (1935  and  1961). 


EXPERIMENTS 


This  research  paper  reports  results 
of  three  experiments  in  germination  of 
redstem  ceanothus  seeds.     They  include: 
(1)  effect  of  hot  water  treatment  to  break 
scvid  coat  impermeability,   (2)  effect  of 
high  soil  temperatures  on  germination  of 
redstem  ceanothus  seeds,  and  (3)  effect 
of  cold  storage  on  viability  of  redstem 
seeds. 

HOT  WATER  TREATMENT 

Despite  Peterson's  results.  Quick's 
experiments  and  the  author's  experience 
with  other  ceanothus  seeds  indicated  that 
hot  water  treatment  followed  by  stratifica- 
tion should  be  an  easy  and  effective  way 
to  induce  germination  of  redstem  ceanothus 
seeds. 

One-hundred-seed  samples  of  red- 
stem  ceanothus  seeds  were  heat  treated 
on  January  12,   1965,  by  immersing  them 
in  1-liter  flasks  of  hot  water  and  allowing 
them  to  soak  until  the  water  cooled  to  room 
temperature.     Initial  water  temperatures 
ranged  from  75°  C.  to  100°  C.    After  heat 
treatment,  the  seeds  were  stratified  be- 
tween moist  blotters  in  petri  dishes  at  3°  C. 
for  4  months  and  then  germinated  on  moist, 
sterilized  blotters  in  covered  petri  dishes. 


1/  Wildlife  Biologist,  Blue  River  District, 
Willamette  National  Forest. 


Germination  of  the  redstem  seeds 
after  hot  water  treatment  and  stratifica- 
tion was  similar  to  that  of  seeds  of  most 
Ceanothus  species.    A  few  seeds--usually 
5  percent  or  less — in  most  collections  have 
permeable  seed  coats  and  require  only 
stratification  before  germination.     Since 
only  a  small  percentage  are  naturally 
permeable,  the  75°  C.  hot  water  treat- 
ment obviously  produced  a  major  increase 
in  germination.     However,  the  optimum 
initial  water  temperature  for  breaking 
seed  coat  impermeability  was  80°  to  90°  C. 
(table  1). 

HEAT-INDUCED  GERMINATION 
OF  SEEDS  IN  SOIL 

Although  studies  have  shown  that 
heating  in  ovens  or  immersion  in  hot 
water  will  induce  germination  of  ceanothus 
seeds,   almost  nothing  was  known  about  the 
effect  of  heat  on  ceanothus  seeds  buried 
in  forest  soil.     Despite  this,  observation 
of  ceanothus  seedlings  in  new  burns   re- 
peatedly led  investigators  to  speculate 
that  fire  stimulates  germination  of  dor- 
mant seeds  in  the  soil  (Brandegee  1894, 
Quick  1959,  Gratkowski  1961).     This  would 
explain  the  origin  of  dense  stands  of 
ceanothus  that  quickly  occupy  new  burns 
and  forest  cuttings  after  slash  burning. 

Results  of  a  laboratory-greenhouse 
study  indicated  that  germination  of  redstem 


Table   ^  .--Germination  of  redstem  aeanothus  seeds  after   immersio' 
in  hot  water   to  break  seed  coat   imiyermeabilitu 


Initial 
water 
temperature 
(  =  C.) 


Germination 


Number 
of  seeds 


Average 
number 


Percentage 


75 

100 

64 

64 

64 

80 

100 

90 

90 

90 

85 

100 

79 

79 

79 

90 

100 

89] 

90 

100 

56 

90 

100 

80 

78 

78 

90 

100 

86 

90 

100 

79. 

95 

100 

46 

a/) 

(I/) 

1/ 


Germination  count  incomplete.     Mold  started   in  permeable  seeds. 


seeds  in  soil  is  induced  when  the  soil  is 
heated  by  wildfires  or  logging  slash  fires. 

Replicates  of  50  seeds  each  were 
buried  for  periods  of  4,   13,  22,  31,  or 
40  minutes  in  fine,  dry  sand  preheated  to 
soil  temperatures  of  30°,  45°,  60°,  75°, 
90°,   105°,   120°,  or  135°  C.     Each  treat- 
ment  was  replicated  four  times  in  a 
5x8  factorial  experiment  in  a  random- 
ized block  design.     Thermocouples  and 
a  recording  potentiometer  were  used  to 
control  soil  temperatures  during  treat- 
ment.   All  seeds  were  stratified  in  moist 
vermiculite  at  3°  C.  for  3  months  after 
heat  treatment. 

Soil  temperatures  of  60°  C.  or  less 
did  not  cause  the  seeds  to  germinate 
(fig.   1).    A  few  seeds  germinated  after 
exposure  to  75°  C.   soil  temperature,  but 
maximum  germination  was  obtained  from 
seeds  exposed  to  soil  temperatures  of 
105°  C.    At  120°  C,   soil  temperatures 
reached  the  lethal  level.     Germination 
decreased  with  increasing  duration  of 
exposure  in  soil  heated  to  120°  C. ,   and 
even  4  minutes  in  soil  heated  to  135°  C. 
killed  all  redstem  ceanothus  seeds  of 
this  seed  lot. 

Although  the  seed  coats  became 
permeable  to  moisture  within  4  minutes 


at  soil  temperatures  up  to  and  including 
105°  C. ,  continued  exposure  for  as  long 
as  40  minutes  did  not  reduce  viability  of 
the  permeable  seeds.     This  ability  to 
withstand  high  soil  temperatures  for  at 
least  40  minutes  is  an  important  survival 
mechanism.     It  allows  redstem  ceanothus 
seeds  to  endure  such  soil  temperatures 
during  wildfires  and  logging  slash  fii^es 
and  then  germinate  and  occupy  the  burned 
areas. 

Soil  temperatures  within  the  range 
that  will  induce  germination  of  redstem 
ceanothus  seeds  are  produced  under  burn- 
ing logging  slash  in  cuttings.     Burning 
light  slash  or  small  accumulations  of 
logging  slash  is  most  apt  to  produce  soil 
temperatures  that  will  induce  germination. 
Greater  amounts  of  slash  will  raise  soil 
temperatures  to  lethal  levels  at  depths 
from  which  redstem  seedlings  can  emerge 
after  germination.     Similar  effects  un- 
doubtedly occur  during  wildfires. 

In  the  Pacific  Northwest,  most 
wildfires  occur  during  late  summer  and 
early  fall,  and  logging  slash  is  burned 
shortly  after  the  fall  rains  begin.     Seeds 
made  permeable  by  the  fires  imbibe 
moisture  from  the  moist  soils,  stratify 
in  the  cold,  wet  soil  during  the  winter, 
and  germinate  the  following  spring. 
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NOTE:  All  seeds  were  killed  by 
soil  temperatures  of  135°  C. 


■105°  C. 


DURATION  OF  HEATING  -  (Minutes) 


Figure  1. — Emergence  of  redstem  ceanothus   seeds   heated   in   dru   sand  at   soil 

o  o 

temperatures   ranging  from  30      to  120      C.    for   various   lengths   of   time. 


VIABILITY  IN  COLD  STORAGE 

Large  amounts  of  brush  seed  are 
not  generally  available  from  seed  dealers. 
Where  large  amounts  of  ceanothus  seeds 
are  required  for  re  vegetation  projects, 
they  are  usually  collected  from  native 
shrubs  and  stored  until  needed.     Since 
seeds  of  most  native  shrubs  ripen  during 
late  summer  and  early  fall  during  the 
peak  of  the  fire  season  and  slash  burning, 
personnel  may  not  be  available  to  collect 
seed.     Seed  must  often  be  collected  dur- 
ing years  when  men  are  available  and 
stored  until  needed.     Proper  storage 
conditions  for  retention  of  viability  are, 
therefore,  an  important  consideration. 

Ceanothus  seeds  appear  to  be  long- 
lived  and  do  not  seem  to  require  special 
storage  conditions.     Quick  and  Quick 
(1961)  conducted  germination  tests  of  12 
species  of  Ceanothus  seeds  that  had  been 
in  storage  from  9  to  more  than  24  years. 
Germination  of  18  of  the  22  seed  lots  rep- 
resented exceeded  80  percent — indicating 
that  there  was  little  loss  of  viability  dur- 
ing the  long  periods  in  storage. 

Redstem  ceanothus  seeds  used  in 
the  experiments  described  in  this  paper 
were  stored  in  dry  paper  containers  in 


a  refrigerator  at  3"  C,     One  year  after 
the  high  soil  temperature  experiment, 
samples  of  the  same  seed  lot  were  tested 
to  determine  whether  there  was  any  loss 
of  viability  during  the  additional  year  in 
storage. 

Pregermination  heat  treatments 
and  stratification  were  tlio  same  as  in 
the  earlier  experiment,  but  only  selected 
treatments  were  duplicated.      Four 
replicates  of  50  seeds  each  were  buried 
for  22  minutes  in  fine  sand  preheated  to 
soil  temperatures  of  45°,   75°,   90%   and 
120°  C.      The  90°  C,   treatment  was  dupli- 
cated for  all  five  durations  of  exposure-- 
4,    13,  22,   31,   and  40  minutes.     After 
heat  treatment,  the  seeds  were  stratified 
in  moist  vermiculite  for  3  months  at  3°  C. 

No  discernible  loss  of  viability 
occurred  during  the  additional  year  in 
dry  cold  storage  (table  2).     Differences 
in  seedling  emergence  are  simply  the 
result  of  biological  variation  in  percent- 
age of  viable  seeds  among  the  50- seed 
samples.     They  do  not  indicate  any  in- 
crease or  loss  of  viability  in  storage. 
Storage  in  dry  paper  containers  at  3°  C. 
in  an  ordinary  refrigerator  seems  an 
easy  and  practical  method  for  storing 
redstem  ceanothus  seeds. 


Table  2. --Germination  of  redstem  seeds  after   5  months    (1965) 
and  17  months    (1966)   in  cold,    dry  storage  at  3°  C. 


Soil 

Duration 

of 
heating 

Seedling  emergence!/ 

Change 

temperature 

(°c.) 

1965 

1966 

in 
viability 

Minutes 

Percent 

45 

22 

0.5 

0 

-0.5 

75 

22 

7.5 

15.0 

+7.5 

■  90 

4 

68.5 

68.5 

+10.0 

90 

13 

59.5 

57.0 

-2.5 

90 

22 

65.0 

54.5 

-10.5 

90 

31 

54.0 

67.5 

+13.5 

90 

40 

58.0 

67.0 

+9.0 

120 

22 

54.0 

44.5 

-9.5 

1/ 


All  percentages  are  averages  for  four  replicates  of  50  seeds  each. 


SEED  COLLECT/ON 


In  the   Cascade  Range  east  of 
Eugene,    Oregon,    redstem  ceanothus 
seed  (fig.  2)  usually   ripens   and  is 
disseminated  between  August   10  and 
August  30.—^    In  other  areas,  however, 
maturation  will  vary  somewhat  depend- 
ing upon  elevation  and  climatic  condi- 
tions. 


k 


mm 


Figure  2 .--Macrophoto  of  redstem 
ceanothus   seed. 


A  good  time  to  gather  seeds  is  just 
as  the  first  capsules  break  open  or  shortly 
before  that  occurs.    As  fruit  and  seeds 
mature,  the  exterior  pulp  dries,  blackens, 
and  partially  flakes  off  exposing  the 
capsules.      The  capsules  then  become 
dry  and  brittle,  snap  open,   and  the  seeds 
pop  out.      Cutting  tests   should  be  used 
to  determine  time  for  earlier  collection. 
Filled,  viable  redstem  seeds  turn  dark 


brown  as  they  mature;   light  colored 
seeds   are  usually  unfilled  or  insect 
infested.      A  cutting  test  as  the  fruit 
pulp  dries  will   show  when  seeds   are 
mature  and  seed  collection  can  begin. 

Ripe  capsules  are  easily  stripped 
by  hand  from  the  flower  stalks.     Strip- 
ping is  much  less  expensive  (about  $8.26 
per  pound  of  clean  seed)  than  bagging 
ripening  fruits   (approximately  $32.50 
per  pound).  V  Capsules  should  be  cracked 
and  broken  gently  to  prevent  damage  to 

the  seeds.      The   Seed   Laboratory  at 
Oregon  State   University  recommends 
a  belt  thrasher  with  two  continuous 
belts,    one  moving  nine  times  faster 
than  the  other  in  the  same  direction.— 
If  the  cracked  capsules  are  then  stored 
in  dry  covered  containers   at  70°  to  80°  F. 
for  several  days,  most  of  the  cracked 
capsules  will  open.      The  seed  is  then 
easily  extracted  with  a  Clipper  seed 
cleaner. 

Some  lots  of  ceanothus   seed 
contain    many     seeds     infested    by 
insects  that  appear  to  be  seed  chalcids. 
Before  emerging,     their    presence     is 
sometimes    detectable    by     a    light- 
colored     area    on    the    dark    surface 
of    the     seed    where    the    chalcid    has 
consumed    the    endosperm     and    the 
collapsed  cells  containing  pigments 
that  give  the  seeds  their  character- 
istic color.      If    the     insects    have 
matured     and    emerged,      a    small 
hole     in    the     seed    coat    is    evidence 
that  the  seed  should  be  rejected. 


II 
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—    Communication  from  Edmund  Harshmann, 

Wildlife  Biologist,  Willamette  National  Forest, 

Eugene,  Oregon. 


-^   See  footnote  2. 
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D/SCUSS/ON 


Results  of  the  soil  temperature 
experiment  clearlj'  show  that  wildfires 
and  logging  slash  fires  will  induce  ger- 
mination of  dormant  redstem  ceanothus 
seeds  in  forest  soils.     Hypocotyls  (stems) 
of  most  newly  germinated  Ceanothus 
seedlings  are  only  1  to  2  inches  long. 
Therefore,  soil  temperatures  that  will 
induce  germination  must  be  produced 
within  this  depth  below  the  surface  if 
redstem  cotyledons  (seed  leaves)  are  to 
emerge  above  the  soil  surface  and  the 
seedlings  are  to  survive.    Such  tempera- 
tures occur  at  this  depth  during  wildfires, 
burning  of  light  logging  slash,   and  pre- 
scribed burning  of  chemically  desiccated 
brushfields  (Gratkowski  1964,  Gratkowski 
and  Philbrick  1965). 

Leege  (1968)  studied  prescribed 
burning  of  brushfields  to  increase  browse 
on  big  game  winter  range  in  northern 
Idaho.     He  reported  that  fall  burns  pro- 
duced approximately  240,000  redstem 
seedlings  per  acre;  spring  burns  produced 
only  60,000  seedlings  per  acre.      Fall 
burns  were  probably  more  effective  in 
heating  the  relatively  dry  soil  than  spring 
burns  on  wet  soil.    Also,  fall  fires  break 
seed  coats  of  ceanothus  seeds  in  the  soil 
just  before  cold,  wet  winter  weather 
provides  natural  conditions  for  stratifica- 
tion and  after- ripening.    The  seeds  ger- 
minate during  warm  weather  the  following 
spring  (Gratkowski  1962,  Leege  1969). 

Response  of  redstem  ceanothus 
seeds  to  heat  treatment  is  similar  to 
that  of  other  ceanothus  seeds.     Immers- 
ing small  lots  of  seed  in  hot  water  and 
allowing  them  to  soak  until  the  water 
cools  to  room  temperature  is  an  easy 
and  effective  method  to  render  seed  coats 
permeable  for  experiments,  tests  of 
viabilit}',  or  production  of  small  numbers 
of  seedlings  in  nurseries.     When  seeds 


are  withdrawn  from  the  water,  they  sliould 
immediately  be  stratified  to  prevent  loss 
of  moisture  from  the  seed  contents  and 
to  allow  after-ripening  of  the  embr\o.s. 
Experience  with  redstem  seeds  in  these 
experiments  and  with  seeds  of  other 
Ceanothus  species  in  earlier  work  Indi- 
cates that  90  days*  stratification  should 
be  sufficient  for  most  redstem  seeds. 

In  re  vegetation  projects,  where 
large  amounts  of  seed  must  be  treated, 
a  different  technique  would  be  advisable. 
Ten  or  20  gallons  of  water  can  be  pre- 
heated to  about  85°  C.   in  a  large  pot  or 
tub,  and  seed  can  probably  be  effectively 
treated  at  a  rate  of  1  pound  of  seed  per 
gallon  of  water.     It  is  important  that  the 
volume  of  water  be  sufficient  to  prevent 
cooling  when  the  seed  and  its  container 
are  immersed  and  that  temperature  of 
the  water  be  maintained  at  about  85°  C. 
throughout  treatment.    A  large,    flat- 
bottomed  basket  of  20-mesh  wire  screen- 
ing with  a  handle  can  be  used  to  immerse 
and  move  seeds  during  treatment.     Move- 
ment should  cause  the  water  to  flow  be- 
tween the  seeds  to  insure  efficient  transfer 
of  heat  to  the  seed  coats  during  treatment. 
Vertical  motion  will  probably  be  more 
effective  than  rotation  of  the  basket. 
Immersion  for  5  to  10  minutes  should  be 
sufficient  to  make  the  seed  coats  permeable. 

Artificial  stratification  may  not  be 
advisable  in  project-scale  seeding  of 
redstem  ceanothus.     Stratification  re- 
quirements of  ceanothus  seeds  vary  con- 
siderably among  species;  some  species 
do  not  require  stratification  (USDA 
Forest  Service  1948).     Required  duration 
of  stratification  varies  even  among 
different  collections  of  seeds  of  the  same 
species  (Quick  and  Quick  1961),   and  this 
probably  applies  to  different  collections 
of  redstem  seeds.     Therefore,  redstem 


seeds  that  require  only  a  short  period  of 
stratification  may  begin  germinating  be- 
fore they  are  removed  for  sowing.      Ex- 
truded radicles  (roots)  on  these   seeds 
will  be  damaged  or  broken  during  the 
seeding  process,   and  seedling  numbers 
may  be  drastically  reduced. 

Instead,  it  is  easier  and  safer  to 
sow  the  seeds  immediately  after  heat 
treatment  in  late  fall  and  allow  the  seeds 
to  stratify  naturally  in  the  cold,  wet  soil 
during  the  winter  months.— ^     Sowing 
should  be  done  just  before  snow  falls,  after 
fall  rains  have  thoroughly  wet  the  soil. 
If  sown  during  the  late  fall  rains,    the 
small  seeds  can  fall  into  crevices  in  the 
soil  and  be  covered  by  soil  washed  in  by 
rain  and  melting  snow.    Snow  falling  soon 
afterward  will  cover  the  seeds  and  mini- 
mize losses  to  birds  and  rodents. 

Where  soil  moisture  is  sufficient 
for  both  trees   and  shrubs,    foresters 
and  wildlife  biologists  probably  can 
safely  introduce  redstem  ceanothus  on 
new  burns   and  cuttings  to  serve  as  a 
nurse  crop  for  young  trees   and  pro- 
vide browse  for  game  animals.      Once 
the  trees   are  well  established,    how- 
ever,   redstem  ceanothus   and  other 
shrubs  should  be  controlled  to  reduce 
competition  and  provide  increased 


— '  The  author  has  recommended  this  method 
to  foresters  and  wildlife  biologists  for  more  than 
10  years. 


light  and  soil  moisture  for  best  growth 
of  the  trees.      Safe   and   inexpensive 
methods   involving  aerial   application 
of  herbicides  have  been  developed 
(Gratkowski  1961b,   1965)  to  release 
Douglas-firs  and  ponderosa  pines  from 
deerbrush  and  redstem  ceanothus 
without  damaging  the  trees.      Prior 
seeding  of  other  new  burns  and  cuttings 
in  the  vicinity  can  provide  new  browse 
to  replace  that  eliminated  in  releasing 
the  conifers  and  allow  use  of  the 
land  for  production  of  both  timber 
and  wildlife. 

Finally,   a  brief  explanation  seems 
desirable  for  those  who  may  be  troubled 
by  the  difference  in  soil  and  water  tem- 
peratures that  induced  maximum  germina- 
tion of  redstem  seeds  in  these  experiments. 
To  induce  germination  of  ceanothus  seeds, 
soil  temperatures  must  be  higher  than 
effective  temperatures  of  hot  water.    This 
relationship  is  due  to  differences  in  both 
heat  capacity  (calories  of  heat  per  unit 
volume)  and  efficiency  of  heat  transfer. 
Water  not  only  has  a  higher  heat  capacity; 
it  is  also  much  more  efficient  in  trans- 
ferring heat  to  the  seed  surface  because 
of  its  greater  density  and  much  better 
contact  with  the  seed  surface.     In  these 
experiments,  for  example,  maximum  ger- 
mination was  achieved  with  initial  water 
temperatures  of  80°  to  90°  C.    In  contrast, 
a  soil  temperature  of  105°  C.  was  needed 
to  attain  maximum  germination  of  seeds 
from  the  same  seed  lot. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  tl.S.Dlspartment  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

The  running  skyline  is  a  popular  cable  logging  system  being 
used  in  many  parts  of  North  America  today.     Proper  application  of 
this  system  requires  investigation  of  its  adaptability  to  the  terrain 
being  logged.    This  paper  presents  a  digital  computer  program  to 
determine  running  skyline  load-carrying  capabilities  to  aid  the 
logging  layout  designer  with  this  planning  task.    The  Fortran  IV 
program,  the  details  of  input,  and  the  interpretation  of  output  are 
discussed. 
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INTRODUCTION 

The  running  skyline  is  a  cable  sys- 
tem widely  used  for  logging  in  the  timber 
harvesting  industry.      It  is  a  system  of 
two  or  more  suspended,    moving  lines, 
generally  referred  to  as  a  main  and  haul- 
back,  that,  when  properly  tensioned,  will 
provide  lift  and  travel  to  the  carriage.    The 
basic  system  is  illustrated  in  figure  1. 

A  logging  system  designer  must 
know  what  payload  a  logging  system  can 
carryover  a  given  ground  profile.    Recog- 
nizing this  requirement,  Manni^  presented 
a  procedure  for  determining  the  load- 
carrying  capability  of  the  running  sicyline 
and  discussed  the  mechanics  of  some  of 
the  system's  configurations.      Mann's 


•='    Charles  N.  Mann.    Mechanics  of  running  sky- 
lines.   USDA  For.  Serv.  Res.  Pap.  PNW-75,   lip., 
illus. ,  1969.    Pac.  Northwest  For.  &  Range  Exp.  Stn. , 
Portland,  Oreg. 


procedure    was    an    extension    of    the 
graphical-tabular  method  discussed  in 
the  "Skyline  Tension  and  Deflection 
Handbook.  "2/ 

Mann's    procedure    provides     a 
straightforward  approach  to  determina- 
tion of  payload  capability  of  the  running 
skyline  at  midspan.      Unfortunately,  the 
method  can  be  time-consuming,  generally 
proceeding  at  a  rate  of  10  to  20  payload 
determinations  per  man-day.     This  rate 
may  not  be  acceptable  when  a  large  num- 
ber of  skjdine  roads  are  fx)  be  designed. 
A  more  efficient  approach  employs  a 
desk-top  computer/plotter.  _ ^   However, 


— '  Hilton  H.  Lysons  and  Charles  N.  Mann.  Sky- 
line tension  and  deflection  handbook.  USDA  For.  Serv. 
Res.  Pap.  PNW-39,  41  p.,  illus.,  1967.  Pac.  North- 
west For.  &  Range  Exp.  Stn.,  Portland,  Oreg. 

l/Ward  W.  Carson,  Donald  D.  Studier,    and 
Hilton  H.  Lysons.    Running  skyline  design  with  desk- 
top computer/plotter.    USDA  For.  Serv.  Res.  Note 
PNW-153,  21  p.,  illus.,   1971.    Pac.  Northwest  For. 
&  Range  Exp.  Stn. ,  Portland,  Oreg. 
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Figure   1. — Running  skyline. 


when  the  layouts  involve  many  skyline  roads 
and  desk- top  facilities  are  not  available, 
it  is  expeditious  to  employ  a  high-speed 
digital  computer  for  direct  computation 
of  payload  capability.    A  computer  pro- 
gram designed  for  this  purpose  is  pre- 
sented and  discussed  in  this  paper. 

This  computer  program  is  an  ana- 
lytical tool  that  can  be  used  by  the  timber 
resource  planner  for  determining  the 
feasibility  of  the  running  skyline  system. 
It  has  been  prepared  to  provide  the  logging 
systems  designer  with  a  tool  for  comput- 
ing the  vertical  load-carrying  capability 
of  a  grapple- rigged  running  skyline.    The 
program  rec|uires  information  about  the 
ground  profile  over  which  the  system  is 
operating,  the  equipment  used,  and  the 
tension  to  be  maintained  in  the  haulback 
line  during  the  yarding  process.     The 
method  of  solution  is  essentially  that 
discussed  by  Carson  and  Mann.—/    The 
program  was  written  in  standard  Fortran 
IV  language  for  the  CDC  6400  machine. 
It  has  also  been  prepared  to  operate  on 
the  CDC  3100.     An  attempt  has  been  made 
to  keep  the  language  standard  enough  that 
it  will  operate  on  most  machines  having 
a  Fortran  IV  compiler. 

PROGRAM  LIMITATIONS 

The  designer  using  this  program 
should  be  aware  of  some  of  the  limita- 
tions of  the  results.     The  program  has 
been  designed  to  compute  the  load- 
carrying  capability  of  a  grapple-rigged 
running  skyline  system.    These  computa- 
tions assume  that  an  operating  tension 
exists  in  the  haulback  line,  that  the  load 
is  suspended  vertically  below  the  carriage, 
and  that  the  other  force  required  to  hold 


4/ 

-     Ward  W.  Carson  and  Charles  N.  Mann.        A 

technique  for  the  solution  of  skyline  catenary  equations. 
USDA  For.  Serv.  Res.  Pap.  PNW-110,   18  p. ,  illus. , 
1970.     Pac.   Northwest  For.   &  Range  Exp.  Stn. ,  Port- 
land, Oreg, 


the  log  and  carriage  in  position  is  provided 
by  the  main  line  only.     The  main  line 
tension  is  limited  to  a  maximum  value; 
therefore,  either  the  haulback  operating 
tension  or  the  main  line  maximum  tension 
may  decide  the  load-carrying  capability. 

In  an  actual  situation,    it  is  quite 
possible  that  one  end  of  the  log  will  be 
dragging  on  the  ground  during  the  yard- 
ing process.    In  this  case,  the  full  weight 
of  the  log  will  not  be  felt  by  the  running 
skyline  system.    This  case  differs  in  two 
significant  ways  from  the  situation  where 
the  log  is  suspended  clear  of  the  ground' 
and  hangs  directly  below  the  carriage: 
the  vertical  force  on  the  carriage  is  less 
than  the  log  weight,  and  there  is  a  hori- 
zontal force  on  the  carriage  due  to  the 
log  dragging.    This  case  is  not  treated 
by  the  program  discussed  in  this  paper. 
For  such  situations,  this  program  can 
only  provide  the  designer  with  some  quan- 
titative feel  for  the  system's  capability. 

Caution  must  be  exercised  in  apply- 
ing the  results  of  this  program  to  a  running 
skyline  system  which  uses  a  slack-pulling 
carriage.    When  a  slack-pulling  carriage 
is  used,  it  is  possible  to  design  the  equip- 
ment so  that  the  yarding  force  is  shared 
by  both  the  main  line  and  the  slack-pulling 
line.     Since  this  program  assumes  that 
only  the  main  line  bears  this  force,  it 
does  not  apply  in  a  shared  situation.     In 
those  cases  where  the  main  line  does  bear 
the  force  and  the  log  is  hanging  below  the 
carriage,  the  results  are  applicable. 

Therefore,  caution  should  be  exer- 
cised when  the  results  of  this  program  are 
used  for  any  running  skyline  configuration 
other  than  the  grapple  carriage  supporting 
a  completely  suspended  load,  or  a  slack- 
pulling  carriage  supporting  a  suspended 
load  with  negligible  tension  in  the  slack- 
pulling  line.     When  other  situations  exist, 
this  program  is  suggested  merely  as  a 


I 


tool  to  give  the  designer  a  conservative 
estimate  for  the  capabilities  of  the  running 
skyline  system. 

PROGRAM  DESCRIPTION 

The  basic  data  needed  as  input  for 
the  grapple- rigged  running  skyline  pro- 
gram consist  of  equipment  specifications 
and  individual  skyline  road  specifications. 
More  than  one  set  of  skyline  road  speci- 
fications may  be  used  with  each  set  of 
equipment  specifications. 

The  equipment  specifications  include 
the  weight  of  the  carriage;  the  carriage 
clearance  above  ground;  the  headspar  and 
tailspar  heights;  and  the  diameter,  weight 
per  foot,  breaking  strength,  and  safety 
factor  of  the  haulback  and  main  line  cables. 
The  weight  and  breaking  strength  for  a 
given  cable  diameter  can  be  obtained 
from  "Skyline  Tension  and  Deflection 
Handbook"  (see  footnote  2). 

The  individual  road  specifications 
are  made  by  describing  the  headspar  and 
tailspar  locations,  the  inner  and  outer 
yarding  limits,   and  the  range  and  eleva- 
tion of  enough  profile  points  to  character- 
ize the  ground  under  the  skyline.     The 
following  convention  was  adopted  for  these 
data  (fig.   1): 

1.  The  yarder  is  always  on  the  left 
at  spar  1. 

2.  The  terrain  points  are  expressed 
as  coordinates:    the  abscissa  x 
denotes  the  horizontal  distance 
measured  from  spar  1,  or  from 
some  reference  point  to  the  left 
of  spar  1,  in  feet;  the  ordinate  y 
denotes  the  elevation  of  the  point, 
in  feet. 

All  of  the  above  specifications  are  read 
in,   and  values  are  computed  for  internal 
variables  in  sections  1  and  2  of  the  main 
program. 


In  section  3,  the  geometric  parame- 
ters, such  as  slope  (S),   span  (L),  the 
difference  in  elevation  of  the  top  of  the 
spars  (H),   and  the  carriage's  vertical 
(DYl)  and  horizontal  (Dl)  position  are 
determined  from  the  input  data. 

In  section  4  of  the  main  program, 
each  terrain  point  is  checked  to  deter- 
mine if  it  intersects  the  chord  of  the 
skyline  and  if  it  is  within  the  yarding 
limits.    These  checks  are  performed 
before  any  skyline  computations  are 
made.     If  a  terrain  point  is  found  to  inter- 
sect the  skyline  chord,  the  computations 
for  that  skyline  road  are  terminated,  and 
a  diagnostic  statement  is  written.    Sky- 
line computations  are  performed  only  on 
terrain  points  that  are  within  the  yarding 
limit.     The  yarding  limits  can  be  located 
at  the  headspar,  tailspar,  or  an3rwhere 
within  the  skyline  span. 

The  line  tensions  and  payload  are 
computed  in  section  5  of  the  main  pro- 
gram.    Before  these  quantities  can  be 
determined,  the  geometric  configuration 
of  the  skyline  must  be  known  because  the 
analysis  depends  on  the  relative  positions 
of  spar  1,  spar  2,   and  the  carriage.     The 
allowable  tensions  of  the  haulback  line 
and  the  main  line  determine  in  which  line 
the  tension  is  critical,   and  the  critical 
tension  always  occurs  at  the  highest 
point  reached  by  a  given  line. 

If  the  yarder  is  at  the  upper  end, 
as  shown  in  figure  2,  the  carriage  will 
always  be  below  the  top  of  spar  1,  and 
the  critical  tension  will  occur  at  spar  1 
(Type  =  6),  either  in  the  main  line  or  in 
the  haulback  line  (Type  =  8)  depending  on 
their  relative  sizes.     If  the  yarder  is  at 
the  lower  end,  one  of  the  three  possibili- 
ties depicted  in  figures  3,  4,  or  5  can 
occur.     The  critical  tension  may  occur 
in  the  haulback  line  at  spar  2  (Type  =  7), 
regardlessof  the  position  of  the  carriage. 


^^  Critical   tension  (haulback  line) 
/^/Critical   tension  (main  line) 


Spar  1 

Main  line 


Spar  2 


Figure   2. — Yarder  at   upper  end.      Critical    tension  occurs  at  spar  1, 
either  in   the  haulback  line    (Type  =  6) ,   or  in   the  main  line 
(Type  =   8) . 


Spar   1 


Figure    3. — Yarder  at   lower   end.      Critical    tension   occurs   at   spar   2 
in   the  haulback  line    (Type  =   7) . 


Spar  2 


Spar  1 


Ma i n  line 
Critical    tension  (main  line) 


Figure   4. — Yarder  at  lower   end.      Carriage  below   top  of  spar  1. 
Critical    tension  occurs  at  spar   1    in   the  main  line    (Type  =  8) 


Spar  1 


Figure    5. — Yarder  at   lower   end.      Carriage  above   top  of  spar   i 
Critical    tension  occurs   at    the  carriage   in    the  main   line 
(Type  =   9) . 


as  shown  in  figure  3.    However,  if  the 
line  sizes  are  such  that  the  critical  ten- 
sion occurs  in  the  main  line,  then  the 
position  of  the  carriage  will  determine 
its  location.     If  the  carriage  is  below  the 
top  of  spar  1,  the  critical  tension  will 
occur  at  spar  1  (Type  =  8),   as  shown  in 
figure  4.        If  the  carriage  is  positioned 
above  the  top  of  spar  1,  the  critical  ten- 
sion will  occur  at  the  carriage  (Type  =  9), 
as  shown  in  figure  5. 


After  all  the  geometric  parameters 
of  the  skyline  road  and  the  type  are  deter- 
mined, control  of  the  program  is  trans- 
ferred to  subroutine  CONVG.    This  sub- 
routine controls  the  iterations  for  solving 
the  catenary  equations  (see  footnote  4). 
The  flow  diagram  illustrating  the  iterative 
procedure  is  shown  in  figure  6.       The 
initial  estimates  for  the  catenary  parame- 
ters   m  J,  m2j   and  m  3  are  found  by  solv- 
ing for  horizontal  tensions  in  the  force 
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Figure  6. — Macro   flow  diagram:    Main  prograi 
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balance  equation.    This  is  done  in  sub- 
routine FB3.     These  initial  estimates  for 
the  m's  are  then  substituted  in  the  cate- 
nary equations  in  subroutine  CATGEO 
and  tested  for  convergence  in  subroutine 
TESTS.     The  convergence  equations  are 
derived  from  the  boundary  conditions 
related  to  the  type  of  skyline  configura- 
tion.   If  the  convergence  functions  are 
found  to  be  within  the  tolerance  set  in 
TESTS,  the  control  of  the  program  is 
returned  to  the  main  program  with  the 
solution.    If  the  convergence  functions 
do  not  fall  within  the  tolerance,  new  line 
lengths  and  moment  arms  are  calculated 
in  subroutine  CATARM  for  use  in  FB3 
to  provide  new  estimates  for  the  m's. 
The  process  is  then  repeated  until  a  solu- 
tion is  found. 

At  this  point,  all  conditions  have 
been  satisfied  and  the  program  execution 
could  be  terminated.     However,  one  more 
step  is  taken.    Determination  of  the 
unloaded  carriage  clearance  at  the  given 
terrain  point — that  is,  the  distance  from 
the  ground  to  the  carriage  when  the  pay- 
load  is  equal  to  zero — is  done  in  sub- 
routine DEFLS.       Determination  of  the 
unloaded  carriage  clearance  involves  Ay 
as  an  unknown.     The  iterative  procedure 
of  this  routine  employes  the  secant  meth- 
od.    This  method  requires  two  initial 
estimates  of  the  unknown  Ay,  plus  a 
third  estimate  that  is  calculated  from 
the  secant  formula.    The  first  estimate 
of  Ay  is  taken  from  the  solution  of  the 
skyline  problem  along  with  the  calculated 
payload.     The  second  estimate  of  Ay  is 
taken  as  a  percentage  of  the  first,  and  a 
new  payload  is  calculated  by  entering 
subroutine  CONVG.     If  the  payload  is 
found  to  be  unequal  to  zero,  the  secant 
iteration  loop  is  entered,  a  new  Ay  is 
determined  from  the  secant  formula,  and 
subroutine  CONVG  is  again  entered  to 
calculate  a  new  payload.    If  this  new  pay- 
load  is  found  to  be  imequal  to  zero,  the 


secant  formula  is  again  used  to  calculate 
a  new  Ay,  and  the  process  is  continued 
until  the  payload  is  found  to  equal  zero. 

INPUT 

Input  consists  of  the  title,  the  equip- 
ment data,  and  the  geometric  data.  Sample 
data  forms  are  shown  in  figure  7.    The 
title,  which  is  contained  on  two  cards,  is 
read  in  an  alphanumeric  format.     The 
first  card  contains  one  field  of  70  columns 
for  the  project  title  and  one  field  of  10 
columns  for  the  date.    The  second  title 
card  contains  four  fields:    10  columns 
for  the  region,  20  columns  each  for  the 
Forest  and  District,   and  SO  columns  for 
the  location  of  the  project. 

The  equipment  data  are  also  con- 
tained on  two  cards.     The  first  card 
consists  of  eight  fields  of  10  columns, 
read  by  the  Fortran  8F10.  1  format. 
Decimal  points  must  be  punched.    The 
cable  diameter,  weight,  and  breaking 
strength  for  both  the  haulback  line  and 
main  line,  plus  the  safety  factor  and 
carriage  weight,  are  contained  on  this 
card.     The  second  equipment  data  card 
specifies  the  number  of  skyline  roads 
that  will  accompany  the  set  of  title  and 
equipment  data,  and  the  input  type,  read 
by  the  Fortran  125,  155  format. 

The  input  type  is  coded  zero  if  the 
geometric  data  are  furnished  by  the  de- 
signer in  the  form  of  x  and  y  coordinates. 
If  the  geometric  data  are  to  be  taken 
from  aerial  photographs,  input  type  is 
coded  1.     The  procedure  for  submitting 
aerial  photos  is  discussed  in  Research 
Note  PNW-lS2.i/' 


5/    Ward  W.  Carson,  Donald  D.  Studier,    and 
William  M.   Thomas.    Digitizing  topographic  data  for 
skyline  design  programs.     USDA  For,  Serv.  Res.  Note 
P^rW-132,  13  p.,  illus.,   1970.    Pac.  Northwest  For. 
&  Range  Exp.  Stn. ,  Portland,  Oreg. 


RUNNING  SKYLINE 


Project 
Title: 


70  80 

Date: 


Region: 


10 


Forest: 


30 


District: 


50 


Location: 


80 


Equipment  Data 


HAULBACK 

MAIN  LINE 

Safety 
Factor 

Carriage 
Weight 

Cable 
Diameter 

Cable 
Weight 

Breaking 
Strength 

Cable 
Diameter 

Cable 
Weight 

Breaking 
Strength 

10 

XX  .XX 

20 

XXX. XX 

30 

XXXXXX .XX 

40 

XX  .XX 

50 

XX. XX 

60 

XXXXXX. XX 

70 

X.XX 

80 

XXXX.XX 

• 

Number  of                  25 
Skyline  Roads 

Format  of  Geometric   80 
Input  Data 

Spar  1 


Haulback   line:- 


Height  (feet) 


X  =  Horizo 

from  left  reference   (feet 


y  =  Elevation  (feet) 


Outer  yarding   1 imi t 


Road 
Number 


25 


Geometric  Data 


LEFT  SPAR 

RIGHT  SPAR 

YARDING 
LIMIT 

Clear- 
ance 

Height 

X 

y 

Height 

X 

y 

Inner 

Outer 

5 

XXX 

10 

XXX 

15 

XXXX 

20 

XXXX 

25 

XXX 

30 

XXXX 

35 

XXXX 

40 
xxxxx 

45 
xxxxx 

X  =  Horizontal   distance  from  left 
reference  point   (feet) 

y  =   Elevation   (feet) 

Clearance  =  Distance  from  the  car- 
riage to  the  ground  (feet) 


Terrain 

Data 

X 

y 

X 

y 

X 

y 

X 

y 

X 

y 

X 

y 

X 

y 

X 

y 

5 

XXXX 

10 

XXXX 

15 

XXXX 

20 

XXXX 

25 

XXXX 

30 

XXXX 

35 

XXXX 

40 

XXXX 

45 

XXXX 

50 

XXXX 

55 

XXXX 

60 

XXXX 

65 

XXXX 

70 
XXXX 

75 

XXXX 

80 

XXXX 

The  data  to  be  provided  here  represent  the  geometric  description  of  one  skyline  road.  When  more  than  one  sky- 
line road  uses  the  same  equipment  and  all  roads  are  to  be  examined,  other  sets  of  these  geometric  data  cards 
follow  directly  separated  by  one  blank  card.  The  title  and  equipment  data  cards  need  not  be  repeated  for  each 
skyl ine  road. 

Figure  7. — Input   data    form. 
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One  set  of  geometric  data  describes 
an  individual  skyline  road.     The  first  geo- 
metric data  card  contains  the  skyline  road 
number  and  is  read  by  the  Fortran  125 
format.     The  second  geometric  card  con- 
sists of  nine  fields  of  five  columns  each, 
read  by  the  Fortran  F5.  0  format.     This 
card  contains  the  carriage  clearance, 
height  and  location  of  the  left  and  right 
spars,  and  the  inner  and  outer  yarding 
limits.    The  terrain  data  cards  contain 
16  fields  of  five  columns  each,  read  by 
the  Fortran  16F5.  0  format,  and  the  values 
of  distance  (x)  and  elevation  (y).    There 
can  be  more  than  one  terrain  data  card; 
the  only  requirement  is  that  the  last  card 
be  left  blank.     This  blank  card  marks 
the  end  of  the  data  for  that  skyline  road, 
and  the  program  will  proceed  to  the  next 


set  of  geometric  data.     When  all  sets  of 
geometric  data  are  read,  the  program 
will  proceed  to  the  next  set  of  title  and 
equipment  data  with  its  related  geometric 
data. 

OUTPUT 

The  output  is  illustrated  in  figure  8. 
The  title  and  equipment  data  are  printed 
in  an  orderly  manner  for  easy  reference. 
This  is  followed  by  the  data  for  each  sky- 
line road,  which  consist  of  the  input  data 
and  the  solution  to  the  problem. 

The  first  section  of  the  output  con- 
sists of  the  title  and  equipment  data  that 
were  furnished  by  the  designer.     It  includes 
the  project  title,  date,   and  location;  the 


LEWIS  RIVER  SKYLINE  SALE 


4/10/70 


REGION  6/  FOREST     GIFFORD  PINCHOT/ 

DISTRICT 

LEWIS  RIVER/ 

LOCATION 

LEWIS  RIVER 

CABLE  DIAMETER 

LINE  WEIGHT         BREAKING  STRENGTH 

HAULBACK 

MAIN  LINE 

SAFETY  FACTOR  =3.00 

CARRIAGE  WEIGHT  =  5000.00 

ROAD  NUMBER  =  1 

.75 
1.00 

1  .04 
1.85 

************************* 
LOAD  CLEARANCE  =    20.0 

58800.00 
103400.00 

SPAR  HEIGHT 

STATION 

ELEVATION 

HEAD  SPAR 
TAIL  SPAR 

50.0 
20.0 

0.0 
1500.0 

4826.0 
4734.0 

YARDING  LIMITS        0 

1500 

SKYLINE  SPAN  =  1500.0 

SLOPE  = 

-8.1  PERCENT 

RUNNING  SKYLINE  OUTPUT  AT 

ALL  TERRAIN  POINTS 

PAYLOAD 

LBS.     DEFLECTION 

-CABLE  tension: 

HAULBACK 
TAILSPAR 

HORIZONTAL 
DISTANCE     ELEVATION 

HAULBACK 
YARDER 

MAIN  LINE 
YARDER 

UNLOADED 
CARRIAGE 
CLEARANCE 

179.0        4792.0 

5563.9 

3.30 

19600.0 

19473.2 

21852.7 

42.5 

332.0        4771.0 

2026.8 

3.87 

19600.0 

19473.1 

20728.4 

33.5 

510.0        4740.0 

1836.0 

4.97 

19600.1 

19473.1 

20507.8 

35.9 

701.0        4702.0 

3230.1 

6.47 

19600.1 

19473.1 

20436.6 

51.2 

891.0        4637.0 

8574.0 

9.77 

19600.3 

19473.2 

20238.0 

102.1 

996.0        4570.0 

15541  .8 

13.67 

19600.4 

19473.3 

19203.2 

165.0 

Figure   8. — Output   format. 


diameter,  weight,  and  breaking  strength 
of  the  haulback  and  main  lines;  the  safety 
factor;  and  the  weight  of  the  carriage. 
These  data  may  be  common  to  more  than 
one  skyline  road. 

The  second  section  of  the  output 
applies  to  one  particular  road.    The  road 
number,    load  clearance,   head  spar  and 
tail  spar  heights,  station,  elevation,  and 
yarding  limits  are  data  that  were  fur- 
nished by  the  designer.      The  program 
calculates  the  skyline  span,   which  is  the 
horizontal  distance  between  the  head  spar 
and  tail  spar,    and  the  percent  slope  of 
the  skyline  chord. 

The  running  skyline  capability    is 
calculated  for  each  terrain  point  which 
falls  within  the  yarding  limits.     If  the 
terrain  point  is  outside  the  yarding  limit, 
a  diagnostic  statement  is  printed. 

A  discussion  of  the  columns  listed 
under  "Running  Skyline  Output  at  all 
Terrain  Points"  (fig.  8)  follows: 

The  first  two  columns,  horizontal 
distance  and  elevation,   describe  the 


terrain  point  and  are  furnished  by  the 
designer  or  taken  directly  from  the,  aerial 
photographs  (see  footnote  5). 

The  calculated  payloads,  listed  in 
the  third  column,  are  the  payloads  that  the 
skyline  will  support  when  the  carriage  is 
positioned  at  the  required  clearance 
above  the  terrain  points. 

Deflection  is  the  vertical  distance 
from  the  chord  to  the  skyline,  expressed 
as  a  percent  of  the  span  length.  This 
program  calculates  the  deflection  in 
percent,  at  the  terrain  point  in  question, 
when  the  skyline  is  supporting  the  calcu- 
lated pay  load. 

The  next  three  columns  list  the 
cable  tensions  that  occur  at  the  yarder 
and  tailspar  in  both  the  main  and 
haulback  lines  when  they  are  supporting 
the  calculated  payload. 

In  the  last  column,  the  unloaded  car- 
riage clearance  is  listed  for  each  terrain 
point.    This  is  the  distance  between  the 
carriage  and  the  ground  when  the  carriage 
is  unloaded  and  the  workijig  tension  is 
maintained  in  the  lines. 
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NOMENCLATURE  FOR  THE  RUNNING  SKYLINE 
COMPUTER  PROGRAM 

ARGl  Intermediate  quantity  used  in  the  computation  of  horizontal  tension, 

pounds  squared. 

ARG2  Intermediate  quantity  used  in  the  computation  of  horizontal  tension, 

pounds  squared. 

AX,  AY, 

AZ  Coordinates  of  terrain  points,  determined  from  aerial  photographs. 

BX,  BY, 

BZ  Coordinates  of  locations  of  the  head-  and  tailspars  and  the  inner 

and  outer  yarding  limits,  determined  from  aerial  photographs. 

CI  Required  carriage  clearance,  feet. 

CACL  Distance  between  skyline  chord  and  specified  carriage  location,  feet. 

CAEL  Elevation  of  carriage  when  it  is  at  the  specified  clearance  above 

the  terrain  point,  feet. 

CDSKY  Cable  diameter  of  haulback  line,  inches. 

CHEL  Elevation  of  skyline  chord,  feet. 

DATE  Input  title  storage. 

DEFL  Deflection  at  given  terrain  point. 

Dl  Horizontal  location  of  terrain  point  from  spar  1,  feet. 

DF  Deflection,  percent. 

DUMl  Intermediate  quantity  used  in  the  computation  of  horizontal  tension, 

pounds  squared. 

DUM2  Intermediate  quantity  used  in  the  computation  of  horizontal  tension, 

pounds  squared. 

DYl  Vertical  distance  from  spar  1  to  carriage  when  it  is  located  at  the 

specified  clearance  distance  above  the  terrain  point,  feet. 

El  Moment  arm  of  the  weight  of  line  segment  1  from  the  carriage,  feet. 

E2  Moment  arm  of  the  weight  of  line  segment  2  from  the  carriage,  feet. 

ES  Moment  arm  of  the  weight  of  the  main  line  from  the  carriage,  feet. 
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ESI  Elevation  of  spar  1,  feet. 

ES2  Elevation  of  spar  2,  feet. 

FM  (  )  Convergence  functions  for  the  various  ITYPEs. 

H  Difference  in  elevation  between  top  of  spar  1  and  top  of  spar  2 ,  feet. 

HI  Horizontal  component  of  tension  in  line  segment  1  of  the  haulback 
line,  pounds. 

H2  Horizontal  component  of  tension  in  line  segment  2  of  the  haulback 
line,  pounds. 

HS  Horizontal  component  of  tension  in  the  main  line,  pounds. 

HSl  Height  of  spar  1,  feet. 

HS2  Height  of  spar  2,  feet. 

I  Indicator  that  functions  have  converged. 

IBO  Indicator,  if  equal  to  1,  causes  intermediate  output  to  be  printed. 

IDUM  Indicator  for  ITYPE. 

ILI  Indicator  noting  the  first  terrain  point  inside  the  inner  yarding  limit. 

IL2  Indicator  noting  the  last  terrain  point  inside  the  outer  yarding  limit. 

ILT  Indicator  used  in  routine  accounting  for  yarding  limits. 

IND  Indicator  used  to  eliminate  some  calculations  after  the  first  iteration. 

INTYP  Indicator  noting  if  the  inpvit  data  is  two-dimensional  or  three- 
dimensional. 

L  Horizontal  distance  between  spar  1  and  spar  2,  feet. 

SS2  Horizontal  location  of  spar  2,  feet. 

STl  Ratio  of  DY  and  D. 

ST2  Ratio  of  E 1  and  D. 

ST3  Ratio  of  ES  and  DS. 

ST4  Ratio  of  (DY-H)  and  (L-D). 
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ST5 

ST6 

TA 

TAS 

TBSKY 

TBSNUB 

TITLEl 

TITLE2 

TOL 

VI 

V2 

VS 

wc 

WL 

WOl 

W02 
WOS 

X 

XlMOl 

XAMOl 

X2M02 

XAM02 

XIMOS 

XAMOS 

Y 

YLl 
YL2 


Ratio  of  E2  and  (L-D). 

Ratio  of  SYS  and  DS. 

Allowable  tension  in  haulback,  pounds  . 

Allowable  tension  in  main  line,  pounds  . 

Breaking  strength  of  haulback  line,  pounds. 

Breaking  strength  of  main  line,  pounds. 

Input  title  storage. 

Input  title  storage. 

Tolerance  allowed  in  the  convergence  function. 

Vertical  component  of  tension  in  line  segment  1  of  the  skyline,  pounds. 

Vertical  component  of  tension  in  line  segment  2  of  the  skyline,  pounds. 

Vertical  component  of  tension  in  the  main  line,  pounds. 

Weight  of  the  carriage,  pounds. 

Pay  load  or  weight  of  logs,  pounds. 

Weight  of  segment  1  of  haulback,  pounds/foot. 

Weight  of  segment  2  of  haulback,  pounds/foot. 
Weight  of  main  line,  pounds/foot. 

Horizontal  location  of  terrain  point,  feet. 

Geometric  quantity  used  in  the  solution  of  catenary  equations. 
Geometric  quantity  used  in  the  solution  of  catenary  equations. 
Geometric  quantity  used  in  the  solution  of  catenary  equations. 
Geometric  quantity  used  in  the  solution  of  catenary  equations. 
Geometric  quantity  used  in  the  solution  of  catenary  equations. 
Geometric  quantity  used  in  the  solution  of  catenary  equations. 
Elevation  of  terrain  point,  feet. 

Horizontal  location  of  inner  yarding  limit,  feet. 
Horizontal  location  of  outer  yarding  limit,  feet. 
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RUNNING  SKYUNE  PROGRAM 


C      PROGRAM   RSKY 

C      ITYPE=6  H.GE.O 
ITYPE::?  H.LT.O 
ITYPE=8  DY.GE.O 
ITYPE=9  DY.LT.O 
MACHINE  DATA 
TBSKY  =BREAKING 
TBSNUB=BREAKING 
CDSKY  =DIAMETER 
CDSNUB=DIAMETER 


WOl 

WOS 

SF 

WC 

HSl 

HS2 


=WEIGHT 
=WEIGHT 
=DESIGN 
=WEIGHT 
=HEIGHT 
=HEIGHT 


STRENGTH  OF  HAULBACK» POUNDS 

STRENGTH  OF  MAIN  LINEr POUNDS 

OF  HAULBACK» INCHES 

OF  MAIN  LINE» INCHES 
OF  HAULBACKr POUNDS/FOOT 
OF  MAIN  LIN£> POUNDS/FOOT 
SAFETY  FACTOR 
OF  CARRIAGE^POUNDS 
OF  SPAR  1»FEET 


OF  SPAR  2»FEET 
MISCELLANEOUS  DATA 
YL1=INNER  YARDING  LIMIT»FEET 
YL2=0UTER  YARDING  LIMIT»FEET 
ES1=ELEVATI0N  OF  SPAR  IrFEET 
ES2=ELEVATI0N  OF  SPAR  2rFEET 
SS1=STATI0N  OF  SPAR  l^FEET 
OF  SPAR  2»FEET 
ROAD  NUMBER 


SS2=STATI0N 
IRN=SKYLINE 


GEOMETRY   -   ALL  IN  FEET 

S   =SLOPE 

L   =SPAN 

DI  =STATION 

DYI=DISPLACEMENT  FROM  TOP  OF 

H   =DISPLACEMENT  FROM  TOP  OF 

Y   =TERRAIN  POINT  ELEVATION 

X   =TERRAIN  POINT  STATION 

CI  =REQUIRED  CARRIAGE  CLEARANCE 

DIMENSION  X(50)  »Y(50)  »DI(50)  fDYKSO)  ►C  ACL  (50)  »  WP1(50)  »  DF  (  50  )  »  CL  (  50 


SPAR 
SPAR 


TO 
TO 


CARRIAGE 
TOP  OF  SPAR 


1) 

DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 


AX{50) »AY(50) f AZ(  50)  » IA{50) 
BX(50) »BY(50) >BZ(50)  » IB(50) 
TITLE1(16) ►TITLE2(16) r DATE (2) 
Tl(50) »T2{50) ►TS(50) 


REAL  Lf Ll»L2»LS»M01»M02rM0S 


COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
INTEGER 
C  SECTION  1 
IN=60 
0T=61 
NP=62 


IPRINT» ITER 

TA»TAS»W01»W02»W0Sf L»Sf DEFL»D»DY»D5f H»DYS»WC»C1»HS1»HS2 

Ll>L2»LSrEl»E2»ES 

M01»M02»M0S»XAM01»XlM01»XAM02f X2M02»XAM0S»X1M0S 

WL»SG 

OT 
♦*♦+*    INITIALIZE 
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IPBINT=1 
IPRINT=0 
C 
C   SECTION  2  *****  INPUT  -  OUTPUT 
1     CONTINUE 

READ  (IN»1005)  (  TITLEK  I)  »  Irl ,  m)  ,  DATE(  1 )  r  DATE(  2) 
60  TO  (5000>2)   EOFCKF(IN) 
2  READ  (INfl005)  ( TITLE2 ( I) p 1=1 » 16) 
ISET=0 

WRITE  (OT»2001)  (TITLEl ( I) f 1=1 » 12) » DATE( 1 ) » DATE(2) 
WRITE  (OT»2002)  (TITLc:2(  I)  f  1=1  f  16) 
C 
C   EQUIPMENT  SPECIFICATIONS 

READ  (INrlOOO)  CDSKY» W01» TBSKYf CDSNUBp WOS» TBSNUB» SF» WC 
SF=3.0 

WRITE  (OT»2004)  CDSKY* WOl >TBSKYr CDSNUB» WOS> TBSNUB» SF» WC 
TA=TBSKY/SF 
TAS=TBSNUB/SF 
W02=W01 

READ( IN»1001)  NOR»SCLf INTYP 
C 
C   SKYLINE  ROAD  SPECIFICATIONS 
3    IF  (INTYP.EQ.O)  60  TO  9 
C 
C   AUTO-TROL  DATA 

IF(SCL.EG.O.O)  SCL=1.0 

READ    (IN»1004)     IRN» CI » HSl r HS2» ICARDH BX ( I ) » BY ( I ) » BZ ( I ) » IB( I ) » 
1I=1»'+) 
Nl=l 
H-  N2=Nl  +  3 

READ    (IN»1006)     ( AX ( I ) » AY ( I) » AZ ( I ) » IA( I ) » I=N1 r N2) 

m-Ul  +  ^■ 

IF    (  IA(N2)  .EG. 2)     60    TO    ^■ 

5  IF    (  IA(N2) .EQ.3)     60    TO    6 
N2=N2-1 

60    TO    5 

6  N=N2 

SS1=SQRT( (BX(l)-AX(l) ) **2+ ( BY ( 1 ) -AY ( 1 ) )**2)*SCL 

ES1=BZ(1) 

YL1=SQRT( (BX(2)-AX(1) ) **2+ ( BY ( 2) -AY( 1) )**2)*SCL 

YL2=SQRT{  (BX(3)-Axa)  )  **2+ {  BY  (  3) -AY  ( 1 )  )**2)*SCL 

SS2=5QRT{ (BX{4)-AX(1) ) **2+ ( BY ( 4) -AY ( 1) )**2)*SCL 

ES2=BZ{'+) 

WRITE    (OTf2005)     IRN» Cl» HSl » SSI » ESI » HS2» SS2» ES2» YLl » YL2 

DO   7    I=1pN 

X(  I)=SGRT(  (  AX(I)-AX(1)  )**2+(  AY(  D-AYd)  )**2)*SCL 

Y(I)=AZ{I) 

7  CONTINUE 
WRITE(NP>1001)  IRN 

WRITE    (NP.1003)     Cl»HSl»SSl»ESl»HS2»SS2»ES2»YLlrYL2 
WRITE(NP»1002) (X( I) »Y( I) »I=lf N) 
WRITE(NP»7000) 
GO   TO   30 
C 
C      TERRAIN   DATA-NOTE»ONE   SET    OF    BLANKS    REQUIRED    AFTER    LAST    SET    OF  TERRAIN 

9   READ  {IN»1001)  IRN 

60  TO  (1»91)  EOFCKF(IN) 
91    READ  (IN»1003)  CI » HSl »S51 » ESI » HS2» SS2» ES2» YLl r YL2 
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WRITE  (OT»2005)  IRN» CI r HSlr 5S1» ESI » HS2» S52» ES2» YL1» YL2 

Nl  =  l 

N2=8 

10  READ  (IN»1002)  ( X ( I ) » Y ( I ) » I=N1 » N2) 
DO  11  I=N1»N2 

IF  (Y( I) .EG. 0.0)  60  TO  12 

11  N=I 
Nl=Nl+8 
N2=N2+8 
GO  TO  10 

12  IF(N.NE. (Nl-1) )   READ  (IN^lOOl) 
C 
C   SECTION  3  *****  ESTABLISH  GEOMETRY 
30    L=S52-SS1 

S=( (ES1+HS1)-(ES2+HS2) )/L 
SP=-100.0*S 
H=S*L 

WRITE  (OTr2006)  L»SP 
DO  32  1=1 »N 
DI( I)=X( I)-SS1 
DYK  I)  =  (ES1+HS1)-Y(  I) -CI 
32    CONTINUE 
C   CHECK  FOR  YARDING  LIMITS  OUTSIDE  OF  THE  ANCHOR  POINTS 
IF(YL1.LT.SS1.0R.YL2.GT.SS2)  WRITE{ OTf 2019) 
IF(YL1.LT.SS1.0R.YL2.GT.SS2)  GO  TO  100 
C 

C   SECTION  4  ****  ESTABLISH  TERRAIN  POINTS 
C 

IL1=1 
IL2=N 
ISET=0 
C      CHECK  YARDING  LIMITS 
DO  40  I=1»N 

IF  (X( I) .LE.YLl)  GO  TO  45 
IF  {X( I) .GE.YL2)  GO  TO  46 

IF(X( I) .LT.SS1.0R.X( I) .GT.SS2)  GO  TO  421 
GO  TO  47 

45  CONTINUE 
IL1=I+1 

WRITE  (OT»2010)  X{ I) »Y( I) 
GO  TO  40 

46  CONTINUE 
ILT=I-1 
IL2=MIN0(IL2»ILT) 

WRITE  {OT»2010)  X( I) fY( I) 
GO  TO  40 
C 

47    CONTINUE 
C    CHECK  TERRAIN  FOR  CHORD  INTERSECTION 
CHEL=ES1+HS1-DI( I)*S 
CAEL=Y(I)+C1 
CACL(I)=CHEL-CAEL 
DF( I)=CACL(I)/L*100.0 
DEFL=CACL{ I)/L 
IF  (CACL(I) .LE.0.0)  ISET=1 
60  TO  40 
421   WRITE(OT»2017)  X(I)»Y(I) 
60  TO  100 
40  CONTINUE 
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IF  ( ISET.EQ.l)  GO  TO  61 
C 

C   SECTION  5  ♦+*+  RUNNING  SKYLINE  COMPUTATIONS 
C 

DO  60  I=IL1» IL2 

D=DI( I) 

DS=D 

DY=DYI(  I) 

DYS=DY 
C  DETERMINE  ITYPE 

IF  (H.GE.0.0)  GO  TO  50 

ITYPE=7 

GO  TO  51 

50  ITYPE=6 

51  CALL   CONVG( ITYPE) 
C 

C         CHECK  DY 

IF(DY.GE.O.O)  GO  TO  52 
TDIFF=TAS-WOS*MOS*COSH(XAMOS) 
IF  (TDIFF.GE.0.0)  GO  TO  54 
ITYPE=9 
GO  TO  53 

52  TDIFF=TAS-WOS*MOS*COSH( XIMOS) 
IF  (TDIFF.GE.0.0)  GO  TO  54 
ITYPE=8 

53  CALL   CONVG( ITYPE) 
51    WP1(I)=WL 

Tl( I)=M01*W01*C0SH(X1M01) 

T2( I) =M02*W02*C0SH{X2M02) 

TS( I)=M0S*W05*C05H(X1M05) 

CALL  DEFL3{ ITYPE) 

CL{ I)=HS1+ES1-Y( I)-{D*S+DEFL*L) 

60  CONTINUE 

61  CONTINUE 

IF  (ISET.EQ.l)  WRITE  ( OT » 3000 ) ( X ( I ) f Y ( I ) r CACL( I ) » I=IL1 » IL2) 
IF  ( ISET.EQ.l)  GO  TO  100 

99  CONTINUE 
WRITE  (OT>2007) 

WRITE  (OT»3001)  (X( I) »Y( I)  »WPl ( I ) > DF ( I ) » Tl ( I ) » T2 ( I ) » TS ( I ) » CL( I )  »  1  = 

lILlr IL2) 

100  CONTINUE 
GO  TO  3 

5000  RETURN 

1000  FORMAT(8F10.0) 

1001  FORMAT (20X» I5» 5X» FIO . 0 » 35X » 15) 

1002  FORMAT  {16F5.0) 

1003  FORMAT  (16F5.0) 

1004  FORMAT  ( I5»3F3.0» Ilr4(3F5.0» ID ) 

1005  FORMAT  ( 16A5) 

1006  FORMAT  ( 15X» 4( 3F5. 0 » II ) ) 

2001  FORMAT  ( IHl »20X» 12A5» 20X» 2A5) 

2002  FORMAT  ( 8H  REGION  r2A5>9H/  FOREST  f4A5»llH/  DISTRICT  f4A5» 

1  12H/   LOCATION  f6A5/) 

2004  FORMAT  (IH  r20X»15H  CABLE  DIAMETER* 5X » 12H  LINE  WEIGHT » 8X» 18H  BREA 
1IN6  STRENGTH/9H  HAULBACK» 5X» 3F20 . 2/9H  MAINLINE* 5X» 3F20 . 2/15 H  S 
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2Y  FACT0R=»F5.2/17H  CARRIAGE  WEIGHT=» F8. 1//)  | 

2005  FORMAT  { IXt  // 1  WXr  20\-\********************  *  / /  t 
3         13H  ROAD  NUMBER=r I5»20Xrl6H  LOAD  CLEARANCE=» F5. l/23Xf 12 H  S 

IPAR  HEIGHT* 10X»8H  STATION* 9X» lOH  ELEVATI0N/12H    HEAD  SPAR»3F20.1/ 

212H    TAIL  SPAR»3F20.1//3Xf  li+HYARDING  LIMITS*  2F10  . ) 

2006  FORMAT  (15H0  SKYLINE  SPAN=» F7. 1  * 5X» 7H  SLOPE=» F6. 1 » 8H  PERCENT//) 

2007  FORMAT  (45H  RUNNING  SKYLINE  OUTPUT  AT  ALL  TERRAIN  POINTS/* 
171Xf42H CABLE  TENSIONS ■ *  7X»  8HUNL0ADED  / 

2»3X»10HHORIZONTALr25Xr7HPAYLOAD»26Xr8HHAULBACK»9Xf 8HHAULBACK»9  Xr 

38HMAINLINE»7X»8HCARRIAGE/»4X>8HDISTANCE»8X»9HELEVATI0N»11X»4HLBS., 

46X»10HDEFLECTION»12Xr6HYARDER»10Xf 8HTAILSPARfl0X»6HYARDER>8X» 
59HCLEARANCE) 
2010  FORMAT  (2F9.1»34H  THIS  POINT  OUTSIDE  YARDING  LIMITS) 

2012  FORMAT  ( 2F9. 1 » 2 ( 2F9. 1 f F9. 4) r F9. 1 ) 

2013  FORMAT  (  2F9. 1 »  2  (  2F9. 1 »  F9.  if )  »  F9. 1 »  18H  HAULBACK  REQUIRED) 
2017  F0RMAT(2F9.1»75H  THIS  POINT  OCCURS  OUTSIDE  OF  THE  ANCHOR  POINTS, 

SCHECK  THE  YARDING  LIMITS. 
2019  FORMAT  {/18X»61H  THE  YARDING  LIMITS  MUST  NOT  BE  OUTSIDE  OF  THE  ANC 

$HOR  POINTS    /)  " 

3000  FORMAT(79H0CARRIAGE  WILL  NOT  CLEAR  THE  GROUND  AT  TERRAIN  POINTS  WI 

$TH  NEGATIVE  CLEARANCE    /30H0   STATION  ELEVATION  CLEARANCE  // 
$(3F10.0)/) 

3001  FORMAT  ( Fll . 1 » 2 ( 5X^ F12. 1) » 5X» F8. 2 » 8XF12 . 1 » 3 ( 5X > F12. 1 ) / ) 
7000  FORMATdH  ) 

END 

SUBROUTINE   CONVG( ITYPE) 
C   ROUTINE  TO  CONTROL  ITERATIONS  BETWEEN  FORCE  BALANCE  AND  CATENARY 
C 

REAL  L»L1>L2>LS»M01»M02>M0S 
COMMON  IPRINTf ITER 

COMMON  TA»TAS»  WOlf  W02>  WOS»  L»  S»  DEFL»  D»  DY»  DS»  Hr  DYS»  WC»  CI »  HSl »  HS2 
COMMON  Ll»L2fLSrEl»E2rES 

COMMON  MOl t M02r  MOSr  XAMOl t XlMOl »  XAM02  »  X2M02f  XAMOS»  XIMOS 
COMMON  WL»SG 
C 

C   START  ITERATION  LOOP 
C 

IND=1 
ITER=0  ^1 

10    ITER=ITER+1  W 

C 
C   GET  FORCE  BALANCE  ESTIMATES  OF  HORIZONTAL  TENSIONS 
CALL  FB3(IND» ITYPE) 
C 
C   GENERATE  CATENARY  GEOMETRY 
CALL  CAT6E0 
C 
C   CHECK  CONVERGENCE 
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CALL  TEST3( ITYPE»I) 

IND=0 
C 

IF  (ITER.EQ.IO)  RETURN 
IF  (  I.EQ.l)  GO  TO  20 
RETURN 
20    CALL  CATARM 
GO  TO  10 
END 

SUBROUTINE  FB3(IND»ITYPE) 
C 

REAL  L>L1>L2»LS»M01»M02»M0S 

COMMON  IPRINT»ITER 

COMMON  TAfTAS»W01rW02»W05»L»S»DEFL»D»DY»DSrH»DYS»WCf C1»HS1»HS2 

COMMON  L1»L2»L5»E1»E2»ES 

COMMON  MOl f  M02  f MOSr  XAMOl t XlMOl »  XAM02  »  X2M02»  XAMOS»  X1M05 

COMMON  WL^SG 

INTEGER  OT 

0T=61 
C   COMPUTE  NECESSARY  COEFFICIENTS 
C   INITIALIZE  IF  NECESSARY 

IF  { IND.NE.l)  GO  TO  10 
C   INITIALIZE  LINE  LENGTHS  AND  MOMENT  ARMS 

L1=SQRT( D**2+DY**2) 

L2=SQRT( (DY-H)**2+{L-D)**2) 

LS=SQRT( DS**2+DYS**2) 

El=D/2.0 

E2={L-D)/2.0 

ES=DS/2.0 
10    ST1=DY/D 

ST2=E1/D 

ST3=ES/DS 

STi+=(DY-H)/(L-D) 

ST5=E2/{L-D) 

ST6=DYS/D5 
C   ESTABLISH  LINE  WEIGHTS 

R1=L1*W01 

R2=L2*W02 

RS=L5*W0S 

IDUM  =  ITYPE  -  5 

GO  TO  {15»20»25»30) f IDUM 
C 

C    FOR  H.GE.O  -  COMPUTE  PAYLOAD  TYPE=6 
C 

15    CONTINUE 
C   COMPUTE  MOl 

ARGl  =  (Rl*STl*ST2)*^^2-(  1.0  +  STl*  +  2)*(  (  R1  +  ST2  )  +  ♦-2-TA++2) 

IF  ( ARGI.LT.0.0)  60  TO  90 

H1=(-R1*ST1*ST2+SQRT( ARGl) ) / ( 1 . 0+STlt+ 2 ) 

M01=H1/W01 
C 
C   COMPUTE  M02 

V1=R1*ST2+H1*ST1 

DUM1=( Vl-Rl)*+2+Hl*+2 

ARG2  =  (R2*STi^*(ST5-1.0)  )  *  +  2-(  1 .  0  +  STt++ ♦  2  )  +  (  (  R2+ (  ST5-1 .  0  )  )  *  v2-DUMl) 

IF    (ARG2.lt. 0.0)     GO    TO    90 
H2  =  (-R2*STi+*(ST5-1.0)+SQRT(  ARG2)  )/(  1.0  +  5T4*t2) 
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M02=H2/W02 
C 
C   COMPUTE  MOS 

HS=2*H2-H1 

MOS=HS/WOS 
C 
C   COMPUTE  WEIGHT  OF  LOG 

V2=R2*ST5+H2*ST4 

VS=RS*ST3+HS*ST6 

WL=V1-R1+VS-RS+2.0*{V2-R2)-WC 

IF  ( IPRINT.EQ.l)  GO  TO  91 

RETURN 
C 

C       FOR  H.LT.O  -  COMPUTE  PAYLOAD  TYPE=7 
C 

20    CONTINUE 
C 
C   COMPUTE  M02 

ARGl  =  (R2*STi|*ST5)**2-(  1 .  0  +  ST4**2)  *  (  (  R2*ST5)  **2-TA**2  ) 

IF  (ARGI.LT.0.0)  GO  TO  90 

H2  =  (-R2*5T5*STt++SQRT  (  ARGl )  )  /  {  STi+**2+l .  0  ) 

M02=H2/W02 
C        COMPUTE  MOl 

V2=R2*ST5+H2*5T4 

DUM1=  (V2-R2)**2+H2*+2 

ARG2={R1*ST1*(ST2-1.0) ) *+2- ( 1 . 0+5Tl**2) * ( ( Rl* ( ST2-1 . 0 ) )**2-DUMl)  f 

IF  (ARG2.lt. 0.0)  GO  TO  90 

H1=(-R1*ST1*(ST2-1.0)+SQRT(ARG2) ) / ( 1 . 0+STl*+2) 

M01=H1/W01 
C   COMPUTE  MOS 

HS=2.0*H2-H1 

M0S=HS/W05 
C   COMPUTE  WEIGHT  OF  LOG 

V1=R1*5T2+H1*5T1 

VS=RS*ST3+HS*ST6 

WL=V1-R1+VS-RS+2.0*(V2-R2)-WC 

IF  (  IPRINT.EQ.l)  GO  TO  91 

RETURN 
C 

C     FOR  DY.GE.O  -  TAS  AT  SPAR  1  TYPE=8 
C 

25    CONTINUE 
C   COMPUTE  MOS 

ARGl  =  (RS*ST3*ST6)*  +  2-(1.0  +  ST6*  +  2)*(  ( RS*5T3) *  +  2-TAS*  + 2 ) 

IF  (ARGl. LT. 0.0)  GO  TO  90 

HS= ( -RS*ST3*ST6+SQRT ( ARGl ) ) / ( 1 . 0  +  5T6*  +2 ) 

MOS=HS/WOS 
C 
C   COMPUTE  M02 

DUMl=2.0*Rl*5Tl*(5T2-1.0)-R2*(5T5-1.0)*STi|-2.0+HSt ( 1.0+STl+t2) 

DUM2=(R1*(ST2-1.0) ) *t2+HS* ♦ 2+ ( HS+5T1 ) ♦ ^ 2-2 . 0+Rl t ( ST2-1 . 0 ) +ST1*H5 


i 


ARG2=DUMl**2-('+.0*(STl*  +  2+1.0)-(5T'++*2+1.0)  )  +DUM2 

IF    (ARG2.lt. 0.0)     GO    TO    90 

H2=(-DUM1  +  SQRT(  ARG2)  )  /  (  4.  0*  (  STlt  (-2+ 1 .  0  )  -  (  ST4+ »  2+ 1  .  0  )  ) 

M02=H2/W02 


-(R2*(5T5-1.0) )+t2 

! 
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c 

C    COMPUTE  MOl 

H1=2.0*H2-HS 
M01=H1/W01 
C 
C   COMPUTE  WEIGHT  OF  LOG 
Vi=Rl*ST2+Hl*STl 
V2=R2*ST5+H2*STi^ 
VS=RS*5T3+HS*ST6 
WL=Vl-Rl+VS-RS+2. 0* ( V2-R2 ) -WC 
IF  ( IPRINT.EQ.l)  GO  TO  91 
RETURN 
C 

C   FOR  DY.LT.O  -  TAS  AT  CARRIAGE  TYPE=9 
C 

30    CONTINUE 
C   COMPUTE  MOS 

ARG1=( RS*5T6* ( ST3-1 . 0 ) ) **2- ( 1 . 0+ST6*+2) * ( R5**2* ( ST3-1 . 0 ) *+2 
1  -TAS**2) 

IF  ( ARGI.LT.0.0)  GO  TO  90 

HS=(-RS*ST6*(ST3-1.0)+SQRT( ARGl) )/( 1.0+ST6**2) 
MOS=HS/WOS 
C    COMPUTE  M02 

DUMl=2.0*Rl*STl*(ST2-1.0)-R2*(ST5-1.0)*STi|-2.0*HS*(1.0+STl**2) 
DUM2=(R1*{ST2-1.0)  ) **2+HS**2+ (  HS*ST1 ) ♦*2-2 . 0*R1* ( ST2-1 . 0 ) *ST1*H 5 

1  -(R2*(ST5-1.0))** 

ARG2=DUMl**2-{4.0*(5Tl++2+1.0)-{ST4*+2+1.0) )*DUM2 

IF  (ARG2.lt. 0.0)  GO  TO  90 

H2=(-DUM1  +  SQRT(  ARG2)  )  /  (  4.  0*  (  STl*  +  2+ 1 .  0  )  -  (  STt+*  +  2+l .  0  )  ) 

M02=H2/W02 
C    COMPUTE  MOl 

H1=2.0*H2-HS 

M01=H1/W01 
C    COMPUTE  WEIGHT  OF  LOG 

V1=R1*ST2+H1*ST1 

V2=R2*ST5+H2*5T4 

VS=R5*ST3+HS*ST6 

WL=V1-R1+VS-RS+2.0*(V2-R2)-WC 

IF    ( IPRINT.EQ.l)     GO    TO    91 

RETURN 
91    WRITE  (OT»2001)  ITYPEr ARGl » ARG2r 5T1 » ST2 » ST3» ST4f STSr ST6» LI » L2f L5» 

1        El»E2»ES»Rlf R2»RSf DUMl»DUM2»Hl»H2f HS»V1» V2f VS» WC» WL 
RETURN 
C 

90    WRITE  {OT»2000)  ITYPEf ARGl p ARG2 » STl r ST2f ST3» 5T4» ST5r 5T6» LI » L2»  L5» 

1        E1»E2»ES»R1»R2»R5»DUM1»DUM2»H1»H2»  HSr VI r V2 » VS» WC 
RETURN 

2000  FORMAT  (24H  NEG  ARG  IN  FB3     TYPE=» I2» 6E1 5. 7/3{ IX f 8E15. 7/ ) ) 

2001  FORMAT  ( 6H  TYPE=» I2» 6E15. 7/3( IX r 8E1 5. 7/ ) ) 
END 

SUBROUTINE  TEST3 ( ITYPE» I ) 
C 

C   PROGRAM  TO  CHECK  CONVERGENCE 
C 
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REAL  L»Ll»L2»LS»M0l»M02rM0S 
COMMON  IPRINT» ITER 

COMMON  TA»TAS»W0lrW02»W0S»LrSf  DEFLf Df DY»  DSf Hf DYS» WC» CI » HSl f HS2 
COMMON  L1»L2»LS»E1»E2»ES 

COMMON  MOl »  M02  f MOS  f X  AMO 1 »  X 1 MOl »  X  AM02 »  X2 M02 »  X  AMOS »  X 1 M05 
COMMON  WL»S6 
INTEGER  OT 
0T=61 
C 

WL=MOS*WOS*SINH{XAMOS)+MOl*WOl*SINH(XAMOl)+2.0*MO2*WO2*SINH(XAM02 

1  )-WC 

TOL=0.5 

1=2 

IDUM=ITYPE-5 

GO  TO  (10>20>30f 40) » IDUM 

C  : 

C   PORTION  TREATING  H.GE.O  -  ITYPE  =  6 
C 

10    CONTINUE 
C   TEST  FM7  AND  FM8 

FM7=TA-W01*DY-W01*M01*C0SH(XAM01) 
FM8=TA-W01*DY-W02*M02*C0SH(XAM02) 
IF  (ABS(FM7)-T0L)  llrll»12 

11  IF  ( ABS(FM8)-T0L)  13»13»12 

12  1  =  1 
C 

13    IF  (ITER.EQ.IO)  GO  TO  50 
IF  ( IPRINT.EQ.l)  GO  TO  51 
RETURN 
C 

C   PORTION  TREATING  H.LT.O  -  ITYPE  7 
C 

20    CONTINUE 

FM9=TA-W01*M01*C05H(XAM01)-W02*(DY-H) 
FM10=TA-W02*(DY-H)-W02*M02*C05H{XAM02) 
C    TEST  FM9  AND  FMIO 

IF  ( ABS(FM9)-T0L)  21r21»22 

21  IF  ( ABS(FMIO)-TOL)  23»23f22 

22  1  =  1 
C 

23    IF  (ITER.EQ.IO)  GO  TO  60 
IF  ( IPRINT.EQ.l)  GO  TO  61 
RETURN 
C 
C    PROTION  TREATING  DY.GE.O  -  ITYPE  8 
30    CONTINUE 
C   TEST  FMll  AND  FM12 

FM11=M01*W01+C0SH(XAM01)-M02*W02+C0SH(XAM02) 
FM12=T AS-W05*DY-W0S*M0S* COSH (X AMOS) 
IF  ( ABS(FMll)-TOL)  31r31f32 
C 

31    IF  (  ABS(FM12)-T0L)  3"3»3^»32 

32  1  =  1 

33  IF    (ITER.EQ.IO)     GO    TO    70 
IF    ( IPRINT.EQ. 1)     GO    TO    71 
RETURN 

C 
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C    PORTION  TREATING  DY.LT.O  -  ITYPE  =  9 

i+0    CONTINUE 
C   TEST  FMll  AND  FM13 

FMl 1=M01*W01* COSH (XAM01)-M02*W02* COSH (XAM02) 
FMl 3=T AS- MOS*WOS* COSH (X  AMOS) 
IF  (  ABS(FMll)-TOL)  41»m»42 
41    IF  (ABS(FM13)-T0L)  ^Zfi4^*^2 
^2         1  =  1 
C 

43    IF  (ITER.EQ.IO)  GO  TO  80 
IF  { IPRINT.EQ.l)  GO  TO  81 
RETURN 
C 

50    WRITE  {OTr2000) 
51    CONTINUE 

WRITE  (OT»30Q3)  ITER» FM7> FM8» Ll» L2 » LS> El » E2> ES 

WRITE  (OT»3002)  MOl  ►  M02f MOSf XAMOl » XlMOl r XAM02 r X2M02 r XAMOSr X1M05 

GO  TO  90 

60  WRITE  (OT»2001) 

61  CONTINUE 

WRITE  (OT»3004)  ITER» FM9» FMIO » LI » L2 > L5» El f E2» ES 

WRITE  (OT»3002)  MOl » M02 > MOSr XAMOl » XlMOl f X AM02» X2M02 » X AMOS» XIMOS 

GO  TO  90 

70  WRITE  (OTr2002) 

71  CONTINUE 

WRITE  {OTp3005)  ITER» FMll » FM12f LI » L2 f LS» El » E2» ES 

WRITE  (OTr3002)  MOl » M02> MOS> XAMOl » XlMOl r X AM02 f X2M02 r XAMOSr XIMOS 


GO  TO  90 

80 

WRITE  (OT»2003) 

81 

CONTINUE 

WRITE  (OT»3006) 

WRITE  (OT»3002) 

90 

CONTINUE 

ITERf FM11»FM13»L1»L2»LS»E1»E2»ES 

MOl f M02r  MOS»  XAMOl r  XlMOl »  XAM02  »  X2M02  * XAMOSr  XIMOS 


C   COMPUTE  CATENARY  TENSIONS 
T1=W01*M01*C0SH(X1M01) 
T2=W02*M02*C0SH(X2M02) 
T5=W0S*M0S*C0SH(X1M0S) 
V1=W01*M01*SINH(XAM01) 
V2=W02*M02*SINH(XAM02) 
V5=W0S*M0S*5INH( XAMOS) 
H1=W01*M01 
H2=W02*M02 
HS=WOS*MOS 
WRITE  (OT»3001) 
RETURN 

2000  FORMAT  ( 35H 

2001  FORMAT  ( 35H 

2002  FORMAT  ( 36H 

3001  FORMAT  (29H 

3002  FORMAT  (50H 


TOO 
TOO 
TOO 


T1»T2»TS» Vl» V2» VSr Hl»H2rHS 
ITERATIONS 


MANY  ITERATIONS  ON  H.GE.O  CASE) 

MANY  ITERATIONS  ON  H.LT.O  CASE) 

MANY  ITERATIONS  ON  DY.GE.O  CASE) 
(Tl»T2f TS»V1»V2»VS»H1»H2»HS) »9F11 .1) 
( MOl f M02»  MOS»  XAMOl »  XI MOl »  XAM02>  X2M02  f XAMOS»  XIMOS)  » 

3F8.1»6F8.5) 


3003  FORMAT  (33H  ( ITERf FM7» FM8» LI . L2 » LS » El » E2» ES)  »  I5» 2F12  .  6» nFl 0  .  1) 

3004  FORMAT  (34H  ( ITER* FM9» FMlO » LI » L2 rLS » El » E2 » ES ) » I5» 2F12 . 6» 6F1 0 . 1 ) 
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3005  FORMAT  ( 35H  ( ITER» FM11» FM12» LI » L2» LS» El » E2» ES) » I5f 2F12.6r 6F10. 1) 

2003  FORMAT  ( 36H  TOO  MANY  ITERATIONS  ON  DY.LT.O  CASE) 

3006  FORMAT  ( 35H  ( ITER» FMll » FM13f LI » L2r LSr El » E2> ES) » I5r 2F12. 6» 6F10 . 1 ) 

END 

SUBROUTINE  DEFL3(ITYPE) 
C 

C   DETERMINATION  OF  DEFLECTION  FOR  GIVEN  LINE  LENGTH  AND  STATION. 
C 

REAL  L»L1»L2»LS»M01»M02»M0S 

COMMON  IPRINT» ITER 

COMMON  TA»TAS»W0l»W02fW0S»L»S»DEFLrD»DYf DS»H»DYSrWCrCl»HSl»H52 

COMMON  Ll»L2rLS^El^E2rES 

COMMON  MOl f  M02 »  MOS  t XAMOl »  XlMOl »  X AM02 1 X2M02  r  XAMOS »  XIMOS 

COMMON  WLrSG 

INTEGER  OT 

0T=61 

DFINIT=DEFL 

IB0=1 

180=0 

IF  ( IPRINTcEQ.l)  180=1 

TOL=TA/1000000.0 
1     1=0 

c 

C   INITIAL  ESTIMATE  OF  DEFLECTION  AND  PAYLOAD  FROM  PREVIOUS  CASE 

DY=DFINIT*L+S*D 

DYS=DY 

IF  (H.GE.0.0)  ITYPE=6 

IF  (H.LT.O.O)  ITYPE=7 

CALL      RCONVG( ITYPE) 

WL1=WL 
DF1=DFINIT 

IF  (ABS(WLl) .LE.TOL)  RETURN 
C 
C   GET  SECOND  CATENARY  SOLUTION 

DFCHG=0.01 
6  DF2=-WL1/ABS(WL1)*DFCHG+DF1 

IF  (DF2.GT.0.0)  GO  TO  8 

DFCHG=DFCHG*0.5 

GO  TO  6 
8  DEFL=DF2 

DY=S*D+L*DEFL 

DYS=DY 

CALL      RCONVG( ITYPE) 

WL2=WL 

IF  (ABS(WL2) .LE.TOL)  RETURN 


i 


ENTER  SECANT  ITERATION  LOOP 

10  RAT=1.0 

11  DF3=DF2-(  {DF2-DF1)*WL2/(WL2-WH)  )  +  RAT 
IF  (DF3.GT.0.0)  GO  TO  12 
RAT=RAT/2.0 
GO  TO  11 

12  DEFL=DF3 
DY=S*D+L*DEFL  C 
DYS=DY 

C 
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CALL      RCONVG( ITYPE) 
WL3=WL 

IF  (IBO.EQ.l)  WRITE  (OT»2000)  I» WLl » WL2» WL3» DFl » DF2» DF3 
IF  ( ABS(WL3) .LE.TOL)  RETURN 
1  =  1  +  1 

IF  ( I.GT.20)  GO  TO  20 
DF1=DF2 
DF2=DF3 
WL1=WL2 
WL2=WL3 
GO  TO  10 
20  CONTINUE 
IB0=IB0+1 

IF  {IB0.EQ.2)  RETURN 
GO  TO  1 
2000  FORMAT  (21H  ITERATIONS  IN  DEFL3=» I2f 6F15. 6) 
END 

SUBROUTINE  CATARM 
C   ROUTINE  TO  GENERATE  CATENARY  LENGTHS  AND  MOMENT  ARMS 
C 

REAL  L»Ll»L2»LS»M01»M02f MOS 

COMMON  IPRINTf ITER 

COMMON  TA»TAS»W0lfW02»W0S»LrS»DEFL>D>  DY> DSf H» DYS» WC» CI »  HSl »  HS2 

COMMON  Ll»L2»LS»El»E2f ES 

COMMON  MOl f M02^  MOS»  XAMOl »  XlMOl »  XAM02  »  X2M02  t XAMOS»  XIMOS 

COMMON  WL»SG 

L1=M01*FUNC2 { XI MOl »  XAMOl ) 

L2=M02*FUNC2 ( X2M02r  XAM02) 

LS=M0S*FUNC2(X1M0S»XAM0S) 

E1=M01*FUNC1(X1M01»XAM01)/FUNC2(  X1M01»  XAMOl) 

E2=M02*FUNC1 ( X2M02  f XAM02 ) /FUNC2 ( X2M02  »  X AM02 ) 

ES=M0S*FUNC1 ( Xi MOSrX AMOS )/FUNC2( XI MOSrX AMOS) 

RETURN 

END 

SUBROUTINE  CATGEO 
C  ROUTINE  TO  GENERATE  CATENARY  GEOMETRIC  PARAMETERS-  PRODUCTION  MODEL 


REAL  L»L1»L2»LS»M01»M02»M0S 
.  COMMON  IPRINT^ ITER 

COMMON  TArTAS»W0l»W02»W0Sf L»S»DEFL»Df DY»DS»H^DYS»WC»  Cl»HSl»HS2 

COMMON  L1»L2»LS»E1»E2>ES 

COMMON  MOl t M02»  MOS»  XAMOl »  XI MOl t XAM02 »  X2M02 »  XAM05»  XIMOS 

COMMON  WL^SG 

INTEGER  OT 

0T=61 

C   ARGUMENT  CHECK 
10    IARG=1 

ARG1=D/2.0/M01 

ARG2=(L-D)/2.0/M02 

ARG3=DS/2.0/MOS 

IF  ( ABS{ARG1) .GT.87.0)  GO  TO  90 

IF  (ABS(ARG2) .GT.87.0)  GO  TO  90 
:   HERE  IS  WHERE  THE  PRODUCTION  MODEL  DIFFERS  FROM  THE  STANDARD 

IF  {ABS(ARG3) .GT.87.0)  MOS= ( DS/2. 0 ) /( AR63/ ABS ( ARG3) *87. 0 ) 
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21  X1M01=FUNC3(DY»M01»D) 

22  XAM01=FUNCi|(DY»M01»D) 

23  X2M02=FUNC3{DY-H»M02»L-D) 

24  XAM02=FUNCi+(DY-H»M02f  L-D) 

C   THIS  MANUEVER  IS  TO  AVOID  UNDERFLOW 
IF  (ABS( ARG3) .GT.20.0)  GO  TO  30 

25  X1M0S=FUNC3(DYS»M0S»DS) 

26  XAM0S=FUNC4(DYSf MOSf DS) 
60  TO  40 

30    X1M05=DYS/2.0/MOS 
XAMOS=-DYS/2.0/MOS 
C   ARGUMENT  CHECK 

40    IARG=2 

IF  ( ABS(XAMOl) .GT.87.0)  GOTO  90 
IF  (ABS(XIMOI) .GT.87.0)  GOTO  90 
IF  (ABS(XAM02) .GT.87.0)  GOTO  90 
IF  (ABS(X2M02) .GT.87.0)  GOTO  90 
IF  {ABS(XAMOS) .GT.87.0)  GOTO  90 
IF  (ABS(XIMOS) .GT.87.0)  GOTO  90 
RETURN 

90    WRITE  (OTr2000) 


IN  THE  CALCULATIONS 


IAR6»  ARGl f ARG2r  ARG3»  XlMOl »  X AMOl t X2M02»  XAM02f 

XlMOSfXAMOS 


RETURN 
2000  FORMAT 
END 


{20H  ARG  LARGE  IN  CATGEO> I4» 9F10 . 2 ) 


FUNCTION  ASH(X) 

ASH     =  ALOG(X+SQRT(X*X+1.0) ) 

RETURN 

END 

FUNCTION  SINH{X) 

SINH     =0.5*(EXP(X)-EXP(-X) ) 

RETURN 

END 

FUNCTION   COSH(X) 

COSH     =  0.5*(EXP(X)  +EXP(-X)) 

RETURN 

END 

FUNCTION   FUNC3(X»Y»2) 

FUNC3         =A5H{X/(2.0*Y*SINH(Z/2.0/Y) ) )  +Z/2.0/Y 

RETURN 

END 

FUNCTION   FUNC4{X»Y»Z) 

FUNC4         =ASH(X/(2.0*Y+SINH(Z/2.0/Y) ) )  -Z/2.0/Y 

RETURN 

END 

FUNCTION   FUNCKX^Y) 

FUNCl      =(X*SINH(X)-COSH(X)-Y+SINH(X)+COSH( Y) ) 

RETURN 

END 
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FUNCTION   FUNC2(X»Y) 

FUNC2      =(SINH(X)-5INH(Y) ) 

RETURN 

END 


» 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 

Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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^ALUE  FOR 

MALL  DIAMETER 

iTUMPAGE 

FFECTED  BY  PRODUCT  PRICES, 
ROCESSING  EQUIPMENT,  AND 
OLUME  MEASUREMENT 


DAVID  R.  DARR  AND  THOMAS  D.  FAHEY 


PACIFIC  NORTHWEST  FOREST  AND  RANGE  EXPERIMENT  STATION 
FOREST  SERVICE  U.S.  DEPARTMENT  OF  AGRICULTURE 

PORTLAND,  OREGON 


ABSTRACT 

Factors    that     affect    the    stumpage    price    for    small 
diameter  timber  can  affect  utilization  and  land  management 
options    for   this    stumpage.       Type     of    milling     process     and 
method    of    lumber    pricing     and    log    volume     determination 
were    found  to  have    potential   for   affecting    price    of   small 
diameter  stumpage.     From  existing  cost,    price,    and  product 
recovery  data,    the  study  shows  that  a  Chip-N-Saw  operator 
could  pay  up  to    $15.40    per    thousand   board   feet,    Scribner 
scale,     more    for    stumpage    than    could    a   band   mill    sawing 
similar    products.        Standard    and    better    lumber    pricing 
rather   than    pricing  by  individual  grade  reduced  the  margin 
available  to  bid  for  stumpage.      Scribner    scale  consistently 
had    less     volume    than    International    scale.       Cubic    volume 
measurements  were  in  all  cases  more  precise  as  predictors 
of   lumber    tally  than  either  International  or  Scribner  scale. 
Relating      log      diameter     to      recovery      factor      consistently 
improved  the  accuracy  of  the  prediction.      This  was  true  for 
both    Forest    Service    and   Scaling    Bureau   measurements. 
These  factors  should  be  considered  by  the  land  manager  and 
timber    purchaser    when    they   evaluate  management  options 
sensitive  to  stumpage  price. 

KEYWORDS:     Stumpage  price,    technology,    forestry  business 
economics. 


INTRODUCTION 

Forest  management  practices   such  as  commercial  thinning  in  the  Pacific 
"Jorthwest  are  increasing  the  volume  of  available   smaller  diameter  timber. 
Che   stumpage  price  for  this  timber  affects  both  utilization  and  land  management 
)ptions  for  the  stumpage.      For  example,    stumpage  price  and  the  value   recovered 
rom  stumpage    determine    the    handling  costs  that  the  processor  can  absorb  for 
he  timber;  and  the  economic  feasibility  of  commercial  thinning  operations 
iepends"  directly  on  stumpage  price. 

Although  many  factors  affect  stumpage  price,    factors  which  should  be  of 
special  interest  to  land  managers  and  timber  processors   faced  with  an  increas- 
.ng  volume  of  smaller  diameter  timber  are  the  development  of  new  processing 
;echnologies,    the  method  of  pricing  product  output,    and  the  method  used  to 
measure  log  volume. 

New  specialized  processing  technologies  are  being  developed  in  response 
to  the  increased  availability  of  small  diameter  timber.      These  new  processes 
can  influence  the  intrinsic  value  of  standing  timber  if  either  processing  costs 
or  end  product  mix  is  affected  by  the  processing  technique. 

Two  means  for  lumber  pricing  are  by  individual  grade  and  by  standard 
and  better  pricing.      Depending  on  the  distribution  of  lumber  output  by  grade 
for  small-log  mills,    the  method  of  lumber  pricing  has  potential  for  affecting 
stumpage  price. 

In  some  cases,    methods  which  are  used  to  estimate  old-growth  timber 
volume  are  inadequate  for  small  diameter  timber.      A   reliable  method  for 
estimating  timber  volume  is   essential  for  orderly  marketing  of  small  diameter 
timber. 

STUDY  OBJECTIVES 

The  objectives  of  this   study  are  to  demonstrate  the  potential  effect  on 
small  diameter  stumpage  value  of 

1.  Different  mill  technologies 

2.  Alternative  methods  of  product  pricing 

3.  Alternative  log  rule  and  log  measurement  procedures. 

The  study  procedure  was  to  use  existing  data  to  determine  the  potential 
influence  of  these  three  factors   on  stumpage  value  when  stumpage  value  is 
defined  as  the  residual  of  end  product  selling  value  minus  manufacturing  and 
logging  costs  and  a  margin  for  profit  and  risk.      The   study  was  based  in  part 
on  end  product  yield  data  from  thinnings  with  a  diameter  b.  h.    range  of  7-15 
inches. 


POTENTIAL  EFFECT  OF  MILL  TECHNOLOGY  ON  STUMPAGE  VALUE 

Two  new  methods  of  timber  processing  which  have  been  developed 
specifically  for  handling  small  diameter  timber  are  the  Chip-N-Saw  and  the 
Beaver. 1'      These  two  types  of  mills    are   similar  in  that  a  profiled  or  squared 
cant  is  chipped  from  the  log.      In  a  conventional  mill,    such  as  band  mill,    a 
cant  is   sawn  from  the  log  and  the  resulting  slabs  can  then  be  chipped.      If  we 
assume  that  logging  and  log  transportation  costs  are  the  same  regardless  of 
manufacturing  process,    "conventional"   stumpage  values  can  be  affected  by 
these  new  processes  only  through  variation  in  mix  of  end  products  and  variation 
in  mill  processing  costs. 

End  product  yield  data  for  three  mills--a  Chip-N-Saw,    a  Beaver,    and  a 
conventional  band  mill- -using  similar  size  and  similar  quality  timber  from 
the  Mount  Hood  National  Forest  are   shown  in  table  1.      The  samples  were  taken 
from  well-stocked  Douglas-fir  stands  less  than  100  years   old.      The  material 
processed  at  the  Chip-N-Saw  and  the  band  mill  was  from  the   same   stand.      The 
material  processed  at  the  Beaver  was  from  two  widely  separated  stands.      The 
Chip-N-Saw  had  a  higher  proportion  of  select  structural  output  than  either  the 
Beaver  or  the  band  mill;  but  at  all  three  mills,    standard  and  better  production 
accounted  for  over  90  percent  of  lumber  output.      As  measured  by  the  ratio  of 
lumber  output  to  volume  of  log  input,    net  Scribner  scale,    the  band  mill  (1.68) 
used  a  higher  proportion  of  the  log  in  lumber  manufacture  than  did  the  Beaver 


Table   1. — Lumber  and  ahip  output  of  three  small-log  mills 


Product 

Mill 

type 

Beaver 

Chip-N 

-Saw 

Band 

Board  feet 

Percent 

Board  feet 

Percent 

Board  feet 

Percent 

Lumber: 

Standard  and  better 
Select  structural 
Construction 
Standard 

6,658 

34,214 

5,642 

13.7 
70.4 
11.6 

11,057 

14,858 

3,000 

34.6 

46.5 

9.4 

2,875 

27,933 

9,678 

6.6 
63.8 
22.1 

Utility 

1,628 

3.4 

2,009 

6.3 

2,748 

6.3 

Economy 

457 

.9 

1,002 

3.2 

525 

1.2 

Total 


48,599 


100.0 


31,926 


100.0 


43,759 


100.0 


Chips 


78 


-    Tons 
36 


25 


Source:      Fahey  and  Hunt   (1972). 


—     Mention  of  companies  or  products   does  not   constitute  endorsement  by 
the   U.S.    Department   of  Agriculture. 


(1  .  38)  or  the  Chip-N-Saw    (1  .  39),    and  the  latter  two  mills  produced  a  higher 
proportion    of    chips.      The  ratio  of   tons  of  chip  output  per  thousand  board  feet 
of  lumber  output  was   1  .  6  for  the  Beaver,    1  .  1    for  the  Chip-N-Saw,    and  0.  6 
for  the  band  mill. 

The  product   mix  at  each  mill  reflects  in  part  the  orders  which  each  mill 
had  on  file  at  the  time  the   study  was  conducted.      Since  prices  are  by  grade,    not 
by  dimension,    this  should  have  little  effect  on  end  product  values.     A  time  series 
of  lumber  and  chip  price  data  were  applied  to  the  product  mix  at  each  mill  to 
observe  the  influence  of  changing  prices  on   relative  end  product  selling  values.  —  ' 
Table  2   shows  that  at  the  beginning  of  the  period  1960-70,    the  band  mill  had  the 
highest  combined  lumber  and  chip  selling  value  per  thousand  board  feet,    Scribner 
log  scale.      This  advantage  decreased  over  the  decade  because  of  the   rapid  in- 
crease in  chip  prices.      The  Beaver  had  the  highest  end  product  selling  value  in 
1970,    reflecting  the  change  in  chip  value. 


Table  2. --Lumber  and  ahip  selling  value  by  mill  type,    1960-70— 
(Dollars  per  thousand  board  feet,  Scribner  log  scale) 


1/   > 


Year 

Mill  type 

Beaver 

Chip-N-Saw 

Band 

1960 

121.98 

115.21 

124.29 

1961 

121.04 

113.78 

121.83 

1962 

124.90 

117.09 

125.05 

1963 

128.50 

120.16 

127.94 

1964 

129.14 

119.96 

126.63 

1965 

130.35 

120.44 

125.85 

1966 

137.23 

126.48 

132.39 

1967 

143.92 

132.57 

138.79 

1968 

172.79 

160.70 

170.48 

1969 

176.94 

163.93 

171.80 

1970 

154.73 

140.85 

143.30 

—    Lumber  was  priced  as  select  structural,   construction, 
standard,  utility,   or  economy,  depending  on  grade. 


Although  cost  data  were  not  collected  in  this  study,    a  study  by  Dobie 
(1967)  in  British  Columbia  showed  that  combined  lumber  and  chip  processing 
costs  for  a  band  mill  were  $25.  66  per  thousand  board  feet,    mill  tally,    and  the 


equivalent  Chip-N-Saw  costs  were  $18.  17.      If  we  apply  recovery  factors— 


3/ 


2/ 

—  The  lumber  price  data  were  derived  by  a  method  developed  by  John  H. 

Beuter  (Stumpage  appraisal  under  alternative  assumptions  of  log  use:  a  case 
study  in  the  Douglas- fir  subregion  (unpublished  Ph.D.  thesis,  1966,  on  file 
at   Iowa   State   University,    Ames));    chip  price   data   are   from  Hamilton    (1971). 

—  The   recovery   factor  is   realized   lumber   tally   divided  by   measured   log 
vol ume . 


from  our  study,    band  mill  costs  would  be  $43,  11   and  Chip-N-Saw  costs,    $25,  26 
per  thousand  board  feet,    Scribner  log  scale,    a  difference  of  about  $18.      With 
1970  prices  and  the   end  product   selling  values  in  table  2,    the   residuals  after 
substracting  manufacturing  costs  are  $100.19    per  thousand  board  feet  for  the 
band  mill  and  $1  1  5.  59  for  the  Chip-N-Saw.      If  mill  costs  are  higher  in  Oregon 
and  Washington,    they  should  be  correspondingly  higher  for  both  mill  types. 

Other  things  being  equal,    the  Chip-N-Saw  operator  could  pay  up  to  $1  5.  40 
per  thousand  board  feet  more  for  stumpage  than  could  the  band  mill.      If  some 
of  this  potential  recovery  differential  is  used  to  bid  for   small  diameter  timber, 
the  increase  in  stumpage   return  would  expand  the  economic  feasibility  of  forest 
managernent  activities   such  as  thinning.      Although  recovery  data  and  costs 
could  be  expected  to  vary  by  mill,    this  finding  indicates  that,    under  competitive 
conditions,    the  lower  cost  process  could  be  expected   to  be  adopted  and  firms 
with  conventional  mills  would  be  forced  to  adjust  their  operations. 

Processing  cost  data  are  not  available  for  the  Beaver.      Similarities 
between  the  Beaver  and  the  Chip-N-Saw  suggest  that  costs  are  lower  for  the 
Beaver  than  for  the  band  mill.      If  so,    the  Beaver  would  have  the   same  poten- 
tial as  the  Chip-N-Saw  for  affecting  stumpage  value. 


POTENTIAL  EFFECT  OF  METHOD 
OF  PRODUCT  PRICING  ON  STUMPAGE  VALUE 

All  the  lumber  output  of  the  three   study  mills  was  classified  as  economy, 
utility,    standard,    construction,    or  select  structural.      This  output  could  be 
valued  on  the  basis  of  one  price  for  each  grade  or  on  the  basis  of  prices  for 
standard  and  better,    utility,    and  economy  grades.      Prices  for  standard  and 
better  lumber  grades     (used  in  table   3)     were  based  on  U.S.    Bureau  of  Labor 
Statistics   (monthly)  data.      Prices  for  utility  and  economy  grades  were  derived 
by  a  method  developed  by  Beuter  (see  footnote   2),    and  chip  prices  were  based 
on  Hamilton  (1971). 

The  comparisons  of  process  in  the  previous   section  were  based  on  lum- 
ber pricing  by  individual  grade.      For  each  process,    the  effect  of  standard  and 
better  pricing  rather  than  pricing  by  grade  is  to  decrease  the  end  product  selling 
value,    as   shown  by  comparison  of  table  2  with  table   3.      With  1970  prices,    stan- 
dard and  better  pricing  reduced  end  product  selling  value  $6.  68  per  thousand 
board  feet,    Scribner  scale,    for  the  Beaver,    $10.  05  for  the  Chip-N-Saw,    and 
$3,83  for  the  band  mill. 

The  effect  of  alternative  end  product  pricing  methods  on  end  product 
selling  value  is  dependent  on  the  product  mix  which  car  vary  by  mill.      This 
indicates  that  both  mill  operators  and  landowners   should  consider  end  product 
markets  and  local  milling  capabilities  in  formulating  stumpage  price  expecta- 
tions for  small  diameter  timber. 


1 


Table   3. --Lumber  and  chip  selling  value  by  mill  type,   standard  and 
better  lumber  pricing,    1960-70— 

(Dollars  per  thousand  board  feet,   Scribner  log  scale) 


Year 

Mi  1 1  type 

Beaver 

Chip-N-Saw 

Band 

1960 

115.60 

105.85 

118.32 

1961 

115.29 

105.03 

116.34 

1962 

118.96 

108.17 

119.20 

1963 

122.64 

111.33 

122.09 

1964 

123.22 

111.05 

120.86 

1965 

125.35 

112.34 

121.53 

1966 

130.84 

117.07 

126.34 

1967 

136.32 

121.97 

131.29 

1968 

167.57 

152.18 

167.13 

1969 

171.80 

155.28 

170.15 

1970 

148.05 

130.80 

139.47 

—    Lumber  was  priced  as  standard  and  better,   utility,  or  economy, 
depending  on  grade. 


POTENTIAL  EFFECT  OF  LOG  VOLUME  ON  STUMPAGE  VALUE 

In  the  previous  discussion,    Scribner  log   rule  was  used  as  a  means   of 
predicting  the  volume  of  lumber  output.      Scribner  log   rule  is  also  commonly 
considered  as  a  measure  of  log  volume  and  was  derived  originally  for  logs 
12  inches  and  larger  in  diameter.      In  recent  years,    public  agencies  and  private 
landowners  in  the  Pacific  Northwest  have  experimented  with  other  means  for 
measuring  the  volume  in  small  diameter  timber.      For  examples,    the  Bureau 
of  Land  Management  has  used  the  International  log  rule  in  selected  areas,    and 
forest  industry  is  using  cubic  volume  measure  on  sonie  lands.      The  log  volume 
measure  used  for  timber  has  no  effect  on  the  intrinsic  value  of  the  timber. 
However,    if  timber  is   sold  in  terms  of  price  per  unit  of  volume  and  if  total 
volumes,    as  derived  by  various  measures,    differ,    the  values  per  unit  of  volume 
will  correspondingly  differ. 

If  we  assume  all  costs  are  equal,    differences  in  end  product  selling  value 
per  unit  of  log  volume  due  to  log  volume  measure  would  be  reflected  in  stump- 
age  value.      Log  input  for  the  Beaver  and  the  Chip-N-Saw  was  measured  by  the 
National  Forest  scaling  handbook  procedure  and  the  uniforin   Scaling  Bureau 
procedure.  —  '      For  each  procedure,    log  volume  was  measured  by  Scribner 
and  International  1/4-inch  log  rules  and  by  cubic  volume.      The  Scribner  and 
International  1  /4-inch  log  rules  predict  lumber  output  in  board  feet.      Cubic 
volume  measure  is  an  estimate  of  the  cubic  volume  of  the  log  and  does  not 
predict  lumber  recovery  directly. 


4/ 


See  Appendix  A   for  a   description   of  scaling  procedures . 


The   Bureaus'  procedure  was  used  for  scaling  woods-length  logs.      These 
same  logs  were  transported  to  a  mill  and  generally  cut  into  shorter  mill-length 
logs.      The  mill-length  logs  were   scaled  by  the  Forest  Service  procedure.      Al- 
though log  length  differed  between  the  woods  and  each  mill,    the  same  timber 
was  involved  at  both  locations. 

Table  4  is  based  on  a  representative  sample  of  logs  at  each  chipping  mill. 
At  both  mills,    the  Bureau  procedure  consistently  produced  higher  end  product 
selling  values  per  unit  of  log  volume  for  each  log-volume  measure  than  did  the 
Forest  Service  procedure.      Of  the  two  board-foot  measures,    end  product  selling 
value  per  unit  log  scale  was  lower  for  the  International  1/4-inch  log  rule  than 
for  Scribner  for  each  measurement  procedure  at  both  mills. 

The  effect  of  lumber  pricing  and  measurement  methods  is   illustrated  in 
table  4.      With  standard  and  better  pricing  and  the  Forest  Service  Scribner 
measurement  procedure,    the  Beaver  had  a  $Z6.  1  7  per  thousand  board  feet 
advantage  over  the  Chip-N-Saw.      With  individual  grade  pricing  and  the  Scaling 
Bureau  measurement  procedure,    the  Chip-N-Saw  had  a  $6.  09  per  thousand 
cubic  feet  advantage  over  the  Beaver. 

Table  4. --Lumber  and  ahip  selling  value  of  logs  by  type  of  mill ,   measurement  procedure, 

and  lumber  pricing  method 


Forest  Service  measurement 

Uniform  Scaling  Bureau  measurement 

Mill  and  lumber 
pricing  method 

Board  feet 

Cubic 
feet 

Board  feet 

Cubic 

Scribner 

International 
1/4-inch 

Scribner 

International 
1/4-inch 

feet 

II 


Beaver: 


Dollars  per   thousand 


Standard  and  better 

130.21 

92.72 

542.45 

149.21 

99.39 

566.84 

By  grade 

136.60 

97.28 

569.11 

156.54 

104.28 

594.70 

Chip-N-Saw: 

Standard  and  better 

104.04 

83.27 

500.34 

133.41 

88.86 

556.07 

By  grade 

112.41 

89.96 

540.58 

144.15 

96.00 

600.79 

1 


Table  4  emphasizes  the  need  for  both  timber  buyers  and  sellers  to  be 
informed  about  the  characteristics  of  alternative  log  rules  and  measurement 
procedures  if  they  are  to  measure  the  intrinsic  value  of  the  timber.      This 
need  is  further  illustrated  by  the  fact  that  for  logs  9  inches  and  less  in  diame- 
ter,   the  Scribner  rule  predicts  the   same  volume  for   16-  as  for  20-foot-long 
logs.      If  buying  by  Scribner  log  scale,    the  timber  purchaser  would  pay  the 
same  amount  for  20-foot  logs  as  for  16-foot  logs  if  small  end  diameters  were 
the  same  and  less  than  9  inches.      A  larger  proportion  of  the  logs   sawn  at  the 
Beaver  were  20-foot  logs  than  was  the  case  for  the  Chip-N-Saw,    and  the 


Chip-N-Saw  had  a  higher  proportion  of  1  6-foot  logs   (table   5).      One  effect  of 
this  was  to  increase  the   recovery  ratio  for  the  Beaver  relative  to  the  Chip-N- 
Saw  and,    in  turn,    the  end  product  selling  value  per  unit  of  log  volume. 

Table   b. --Sample   log  input  for  tuo  mills  by    log   length. 
Forest  Service  measurement 


Log  length 

Mill 

(feet) 

Beaver 

Chi 

p-N-Saw 

-  -  -  -  -  Number 

of  logs 

10 

0 

2 

12 

7 

32 

14 

6 

40 

16 

23 

138 

18 

5 

18 

20 

170 

76 

22 

4 

1 

24 

59 

1 

26 

4 

0 

Total 

278 

308 

Which  log  volume  measure  is  best    for  accurately  predicting  lumber 
recovery?      This   should  be  a  consideration  of  both  timber  buyer  and  seller 
in  setting  a  basis  for  payment.      The  six  measurement  procedure  and  log 
volume  measure  combinations  were   ranked  using  the  coefficient  of  variation 
for  the  recovery  factor  as  a  measure  of  reliability.      The  log  input  and  lumber 
output  data  at  the  Beaver  and  the  Chip-N-Saw  were  combined  by  using  covari- 
ance  analysis  for  each  combination. 

When  Bureau  measurement  rules  were  used,    the  arithmetic  mean 
recovery  factor  was   5.78  for  cubic  log  volume,    1.09  for  the  International 
1/4-inch  log  rule,    and  1.62  for  the  Scribner  rule.      The  coefficient  of  varia- 
tion was  25.8  percent  for  cubic,    39.  3  percent  for  International   1/4-inch,    and 
41.  3  percent  for  Scribner,      The  coefficient  of  variation  is  a  measure  of  rela- 
tive variation.      For  example,    a  coefficient  of  variation  of  41  .  3  percent  for 
Scribner  compared  with  25.  8  percent  for  cubic  volume  means  that  the   recovery 
factors  for  individual  logs  calculated  by  Scribner   rule  will  vary  more  around 
the  mean  for  all  logs  than  will  recovery  factors  calculated  by  cubic  measure. 

For  the  logs   scaled  by  the  Forest  Service  measurement  system,    the 
arithmetic  mean  recovery  factor  was   5.  28  for  cubic  log  volume,    0.  98  for 
International  1/4-inch  rule,    and  1.27  for  Scribner  rule.      The  coefficient  of 
variation  was   27.  6  percent  for  cubic,    36.  7  percent  for  International,    and   36 
percent  for  Scribner. 


Of  the  two  board-foot  rules,    International  1  /4-inch  came  closer  in  pre- 
dicting actual  lumber  recovery  as  measured  by  the   recovery  factor.      However, 


the  cubic  measure  showed  the  least  variation  in   recovery  factor.      On  the  aver- 
age,   both  timber  buyer  and  seller  would  be  better  able  to  estimate  the  actual 
volume  of  lumber  to  be  expected  from  a  stand  of  timber  if  they  used  cubic  log 
volume  measure   rather  than  the  International  1/4-inch  or  the  Scribner  log 
rules. 

Because  of  underlying  assumptions  about  log    taper,    the  recovery  factor 
varies  by  diameter  class,    as   shown    in    figures   1-3.      Each  figure   shows   recovery 
factor  as  a  function  of  log  diameter  for  a    measurement  procedure  and  a  log  vol- 
ume measure  for  the  Beaver  and  the  Chip-N-Saw  and  for  the  two  mills'   combined 
log  input  and  lumber  output.      Timber  buyers  generally  use   similar  diameter- 
recovery  factor  curves  in  bidding  for  timber.      The  buyer  makes  an  estimate  of 
the  diameter  distribution  of  logs  in  the  timber  stand  and  applies  a  recovery  fac- 
tor,   based  on  his  experience,    to  the  log  scale  estimates.      This  gives  the  buyer 
an  estimate  of  the  lumber  recovery  to  be  expected  from  the   stand. 

How  much  does  the  relationship  between  log  diameter  and  the   recovery 
factor  help  the  timber  buyer  and  timber  seller  to  arrive  at  a  reliable  estimate 
of  timber  volume?      The  buyer  and  seller  have  an  option  of  using  an  average 
recovery  factor  for  all  logs  in  the  stand  rather  than  a  different  recovery  fac- 
tor for  each  diameter  class.   A  measure  of  the  contribution  of  diameter  to 
explanation  of  variation  in  the   recovery  factor  is  the  reduction  in  the  coefficient 
of  variation  which  results  when    diameter  is  taken  into  account.      In  every  case, 
accounting  for  diameter  reduces  the  coefficient  of  variation  (table  6).      The 
effect  is   strongest  for  the  International  1 /4-inch  rule  and  weakest  for  cubic. 
However,    the    coefficient  of  variation    for  cubic  measurement  without  taking 
diameter  into    account  was  less    than  the    coefficients  for  the  Scribner  and 
International  1/4-inch  rules  with  diameter  taken  into  account.      This  means 
that  with   the  cubic  volume  measure,    an  average  recovery  factor  could  be 
applied  to  each  log  in  the   sample  and  the  average  variation  between  actual 
lumber  yield  and  predicted  lumber  yield  would  be  less  than  for  Scribner  and 
International  1/4-inch  rule  even  if   a  recovery  factor  were  to  be  applied  to 
each  diameter  class  with  the  latter  two  volume  measures. 

Table  6.--Coeffiaient  of  variation  for  recovery  ratio  with  and  without 
log  diameter  taken  into  account,   by   log  volume  prediction 
and  measurement  procedure 


Log  volume  prediction 


With  diameter 


Without  diameter 


Uniform  Scaling  Bureau  procedure: 
Scribner  rule,  board  feet 
International    1/4-inch   rule,  board  feet 
Cubic  volume 

Forest  Service  procedure: 
Scribner  rule,  board  feet 
International    1/4-inch   rule,  board  feet 
Cubic  volume 


35.9 
30.4 
24.6 


32.4 
28.0 
26.3 


41.3 
39.3 
25.8 


36.0 
36.7 
27.6 
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Figure   1 .--Recovery   factor,    as   a   function   of  log  diameter , 
by   mill:      A,    Uniform  Scaling  Bureau  measurement   system, 
Scribner  scale;    B,  Forest  Service  measurement  system, 
Scribner  scale. 
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Figure  2. — Recovery  factor,    as  a   function  of  log  diameter, 
by   mill:      A,    Uniform  Scaling  Bureau   measurement   system. 
International    1/4-inch   scale;    B,    Forest   Service   measure- 
ment  system.    International   1/4-inch  scale. 
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Figure  3. — Recovery   factor,    as   a   function   of  log  diameter, 
by  mill;      A,  Uniform  Scaling  Bureau  measurement  system, 
cubic  scale;    B,  Forest   Service   measurement   system, 
cubic  scale. 


CONCLUSIONS 

What  do  the    study  results  mean  for  the  timber  processor  and  the  forest 
land  manager? 

The   study  has   shown  that  new  processing  technologies  in  chipping  mills 
can  increase  the    stumpage  value  for  small  diameter  timber.       Most  of  the 
potential  for  increased  stumpage  value   results  from    lower  sawmilling  costs 
which  increase  the  dollar  margin  available  to  bid  on   stumpage.       As  more  small 
diameter  timber  is  placed  on  the  market,    additional    small-log  chipping  mills 
may  be  constructed  which  in    turn  can  increase  competition  and  increase  price 
of  small  diameter  stumpage.      These  higher   stumpage  prices  for   small  diameter 
timber  would  increase    the  economic  opportunity  for  forest  management  practices 
such  as   commercial  thinning.      Both  shortrun  and  longrun  competition  for  the 
timber  resource   should  be  considered  in  choosing  a  mill  type.      Even  if  there 
is  little  competition  for  small  diameter  timber  at  the  present  time,    increased 
competition  could  result  in  substantially  higher  timber  prices  in  the  future. 

At  each    mill,    standard  and  better  pricing   rather  than  pricing  by  grade 
reduced  the  margin  available  to  bid  for  stumpage.      This  finding  further  illus- 
Lrates  the  link  between  the  local  processing  industry  and  stumpage  price.      Price 
of  small  diameter  stumpage  in  a  local  market  area  will  depend  on  the   specific 
markets  for  local  mills'  final  products.      Prospective  end  products  to  be  manu- 
factured from  small  diameter  stumpage   should  be  considered  by  both  the  land 
manager  and  timber  purchaser  when  formulating   stumpage  price  expectations. 

Although  the  means   used  to  measure  log  volume  does  not  influence  the 
intrinsic  value  of  standing  timber,    this   study  has   shown  that  the  value  per  unit 
of  log  volume  can  vary  substantially.      If  costs   and  returns  from  a  stand  of 
timber  are  evaluated  on  a  per  unit  of  log  volume  basis,    both  timber  buyer  and 
seller  should  be  aware  of  the  characteristics  of  the  measurement  system  if  a 
price   reflecting  intrinsic  timber  value  is  to  be  estalDlished. 

Compared  with  the  International  1  /4-inch  and  Scribner  Decimal  C  log 
rules,    cubic  volume  measure  was  the  most  precise  means  of  estiniating  lumber 
recovery  for  the   sawmills  and  timber   stands  used  in  this   study.      For  each  log 
volume  measure,    accounting  for  log  diameter   reduced  this  coefficient  of  varia- 
tion,   but  cubic  volume  measure  without  taking  diameter  into  account  had  a 
lower  coefficient  of  variation  than  either  of  the  two  board-foot  measures  with 
diameter  taken  into  account. 
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APPENDIX  A 
METHODS  OF  SCALING   LOGS 

The  volume  of  the  logs  processed  by  the  Beaver  and  the  Chip-N-Saw  was 
calculated  in  two  ways:     by  the  uniform   Scaling  Bureau  procedure,  _'    and  by 
the  National  Forest  scaling  handbook  procedure  (USDA  Forest  Service   1969). 
For  each  procedure,    log  scale  was  calculated  for  Scribner  log  rule,    Interna- 
tional 1/4-inch  log  rule,    and  cubic  volume  measure.  This   resulted  in  six 
combinations  of  measurement  procedures  and  volume  measures   (table  7). 
Input  by  length  and  diameter  class  for  logs   scaled  by  the  Forest  Service  proce- 
dure is   shown  in  table  8,    and  by  the  Bureau  procedure  in  table  9. 

In  the  Bureau  procedure,    diameters  were  recorded  with  all  fractional 
inches  dropped.      Since  there  were  no  logs  longer  than  42  feet,    there  is  no 
taper  allowance  in  the  woods-length  log  scale  for  the  Scribner  log  rule.      For 
International  1/4-inch  formula  rule,    there  is  a  built-in  taper  allowance  of 
1    inch  in  8  inches   (Grosenbaugh  1952).      The  cubic  log  scale  is  based  on  diame- 
ter measurement  of  both  ends,    with  volume  estimated  by  Smalian's  formula. 

After  the  logs  were  bucked  into  mill  lengths,    they  were   rescaled  by  the 
Forest  Service  measureiTient  procedure.      Diameters  were   recorded  to  the 
nearest  whole  inch.      For  the  Scribner  scale,    logs  longer  than  20  feet  were 
extended  as  two  pieces  with  a  taper  allowance  as   specified  in  the  National 
Forest     scaling  handbook.      International  1 /4-inch  rule  and  cubic   scale  were 
extended  as  one  piece. 

The  International  net  scale  was   obtained  by  applying  the  percent  of  defect 
from  the  Scribner  scale  to  the  International  gross   scale  on  a  log-by-log  basis. 
No  estimate  was  made  for  cubic  defect. 


—     Official   log  scaling  and  grading  rules    (revised  as  needed)    used  by  log 
scaling  and   grading  bureaus:      Columbia   River,    Eugene,    Oreg. ;    Puget   Sound,    Tacoma, 
Wash.;    Grays   Harbor,    Hoquiam,    Wash.;    Southern   Oregon,    Roseburg;    and  Northern 
California ,    Areata.      Copies   may  be   obtained   from  any   of  these  bureaus . 
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Table  1 .--Log  scale  by  millj  measuring  prooedure,   and  volume  predictor 


Measuring 
procedure 


Volume 
predictor 


Number 
of  logs 


^et  log  scale 


Board 
feet 


Recovery 
factor 


Uniform  Scaling  Bureau 
Forest  Service 
Uniform  Scaling  Bureau 

Forest  Service 

Uniform  Scaling  Bureau 
Forest  Service 


BEAVER 

Scribner  205  8,360  1.41 

Scribner  278  9,580  1.23 
International 

1/4-inch  205  12,550  .94 
International 

1/4-inch  278  13,453  .88 

Cubic!/  205  2,20li/  5.37 

Cubic!/  278  2,300£./  5.13 


Uniform  Scaling  Bureau 
Forest  Service 
Uniform  Scaling  Bureau 

Forest  Service 

Uniform  Scaling  Bureau 
Forest  Service 


CHIP-N-SAW 

Scribner 
Scribner 
International 

1/4-inch 
International 

1/4-inch 
Cubic!/ 
Cubic!/ 


169 
308 

169 


7,510 
9,630 

11,276 


1.43 
1.11 

.95 


308 

12,033^^ 

.89 

169 

1  ,8021/ 

5.95 

308 

2,0032/ 

5.35 

-  Gross  scale;  no  defect  deductions  were  made. 

2/ 

-  Cubic  feet. 
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Table  8. --Sample   log  input  for  two  mills  by   length  and  diameter  class. 
Forest  Service  handbook  measurements,   mill-length   logs 


..   ._ 

Mill   and 

Le 

igth  0- 

F  logs 

(feet) 

di 

ameter  class 
(inches) 

Total 

10 

12 

14 

16 

18 

20 

22 

24 

26 

-  — 

-  — 

—  -  ■ 

-  -  -  i 

'dumber 

of  lo. 

■js 

Beaver: 

5 

0 

1 

1 

16 

1 

15 

0 

8 

0 

42 

6 

0 

2 

1 

3 

1 

31 

0 

29 

3 

70 

7 

0 

0 

1 

1 

1 

26 

0 

7 

0 

36 

8 

0 

0 

2 

1 

2 

32 

1 

5 

1 

44 

9 

0 

1 

0 

0 

0 

34 

2 

6 

0 

43 

10 

0 

2 

1 

1 

0 

18 

1 

4 

0 

27 

11 

0 

1 

0 

1 

0  - 

10 

0 

0 

0 

12 

12 

0 

0 

0 

0 

0 

3 

0 

0 

0 

3 

13 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

Total 


23 


170 


59 


278 


Chip-N-Saw: 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 

Total 


0 

2 

0 

0 

0 

0 

0 

0 

0 

2 

1 

7 

10 

21 

0 

8 

1 

0 

0 

48 

1 

9 

6 

21 

7 

20 

0 

0 

0 

64 

0 

10 

8 

20 

5 

8 

0 

1 

0 

52 

0 

3 

5 

26 

6 

13 

0 

0 

0 

53 

0 

1 

4 

15 

0 

9 

0 

0 

0 

29 

0 

0 

4 

16 

0 

7 

0 

0 

0 

27 

0 

0 

2 

13 

0 

5 

0 

0 

0 

20 

0 

0 

1 

4 

0 

3 

0 

0 

0 

8 

0 

0 

0 

2 

0 

3 

0 

0 

0 

5 

2 

32 

40 

138 

18 

76 

1 

1 

0 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

The  condition  and  extent  of  existing 
young-growth  stands  in  the  Douglas-fir 
region  are  presented  in  terms  of  age, 
site,  and  stocking  for  major  owner  groups 
and  States.  The  tables  enable  the  reader 
to  identify  possibilities  for  intensification 
of  management. 

KEYWORDS:      Timber  management,    Douglas- fir 
region,   young  growth. 


WTRODUCTION 

Old-growth  timber  in  the   Douglas-fir   region  is  an  important  determinant 
of  the   supply  of  timber  products   from  western  Washington   and  western  Oregon. 
However,    as  the   conversion  of  the   Douglas-fir   region  forests   from  old  growth 
to  young  growth  continues,    the  extent  and  condition  of  the  young- growth  ci^mpo- 
nent  assume  a  growing   role  in  the  determination  of  future   supply.      Because  of 
this,    it  is   imiportant  that  we  have   inforination  about  the   young-growth  component 
that   can  be   used  to  draw  inferences  about  potential  timber   supplies. 

The  basic  pieces   of  biological  data  needed  to  make  projections  are  age, 
site  productivity,    and  stocking  of  the  existing  forest.      These  data  when  com- 
bined with  appropriate   response  data,    assumed  management   regimes,    and  har- 
vesting  strategies   can  be  used  to  project  forest  inventories. 

The  U.S.    Forest  Service  is  again  reviewing  potential  timber  supplies 
from  the  Nation's  commercial  forest  land.      Earlier   studies   in  this   series  were 
the   1953  "Timber  Resource  Review"   and  the   196Z  "Timbe  r  Trends   in  the   U.S." 
The  current  effort  will  present  forest   resource  statistics  as  of  1970  and  projec- 
tions  of  future  timber  supply  under  alternative  management  levels.      The  data 
presented  in  this   paper  with  the   exception  of  National  Forests  were  those   used 
in  examining  the  increased  yields  possible  under  intensified  management.      Data 
are  provided  for  those  who  wish  to  examine  this  data  base  and  for  those  who 
may  wish  to  answer  a  different   supply- related  question.      The  projections   of 
yields  possible  under  alternative  managemient  levels   for  National  Forests  in 
Oregon  and  Washington  were  made  by  the  Regional  Office  of  the  U.  S.    Forest 
Service,    using  data  from  the   same   inventories  but  not  necessarily  in  the   format 
shown  in  this   report.      However,    we  have  developed  data  in  the   same  format  for 
some  National  Forests  as  for  other  owners  where  there  is  a  suitable  inventory 
so  the  condition  of  National  Forests   might  be  compared  with  other  ownerships. 

This   paper  presents,    for  all  owners   (National   Forest,    other  public,    forest 
industry,    and  other  private),    area  by  stand  type,    age  class,    productivity,    stocking 
class,    and,    for  some  age  classes,    trees  per  acre.      This  type  of  data  is  available 
only  for  five  National  Forests.      These  are  the   south  Mount  Baker  Working  Circle 
and  the  Gifford  Pinchot  in  western  Washington  and  the  Siskiyou,    Umpqua,    and 
Rogue  River  in  western  Oregon.      In  addition,    we  have  prepared  for  all  National 
Forests  a  table  which  shows  area  by  age  class. 

The  physical   strata  identified  in  this  paper  provide  a  necessary  ingredient 
for  identifying  treatment  opportunities   such  as  commercial  and  precomme  rcial 
thinning,    fertilization,    and  stand  conversion;  they  also  provide  a  basis   for 
economic   evaluation.      We   recognize  that  landowners  will  have  differing  Txianage- 
ment  objectives,    and  the  "opportunities"    we  have   identified  are  based  on   arbi- 
trary standards.      Although  these  may  not  serve  anyone's  needs  perfectly,    they 
do  provide   a  benchmark  for  at  least  identifying  the  limits  of  the   opportunities 
to  increase  timber   supplies  through  intensive  mianagement. 


DEFINITIONS  OF  CLASSIFICATION   VARIABLES 

A  brief  discussion  of  our  procedure   is   presented  here  so  that  the    reasonable- 
ness and  relevance  of  our  approach  can  be  judged.      A   more  detailed  description 
of  the  procedure  is  available  in  the  appendix. 

Using  the  data  from  individual  Forest  Survey  inventory  plots,    we  computed 
a  stocking  for  each  live   sound  tree  of  commercial  species;  this   stocking  was 
based  on  the  number  of  trees  of  that  average  diameter  and  species  needed  to 
approximate  normal  stocking.  ^     Then  looking  at  the  total  hardwood  and  conifer 
stockings,    we  assigned  each  plot  to  a  "conifer,  "  "hardwood,  "   or  "other"   category. 
In  general,    "other"   indicates  less  than   10  percent  of  normal  stocking  in  conifers 
and  less  than  10  percent  of  normal  stocking  in  hardwoods;  the  combined  stocking 
of  conifers  and  hardwoods  might  exceed  10  percent.      "Conifer"   or  "hardwood" 
shows  which  stocking  was  greater  relative  to  normal  for  those   species.      The 
predominance  of  stocking  was  used  to  assign  a  specific    10-year   stand  age  to 
each  hardwood  and  each  conifer   stand.      Each  conifer  stand  in  each  age  class 
was  then  assigned  to  a  stocking  class  that  was  defined  in  terms  of  percent  of 
normal   stocking.      For  young   stands   (ages   15  and  25),    we  computed  stems  per 
acre  for  all  trees- -  sapling   size  and  larger.      When  computing   stocking  on   saw- 
timber  size  stands,    we  ignored  understory  components  that  were  unlikely  to 
yield  any  commercial  products.      We  identified  low,    medium,    and  high  conifer 
productivity  classes. 

Douglas-fir  site  III  (site  indices   1  30,    1  40,    and  1  50)  is  the  basis  for  our 
"medium"  productivity  class.      Douglas-fir  site  indices  above   150  and  below  130 
are  assigned  to  our  "high"   and  "low"   classes,    respectively.      Other  species 
were  assigned  to  these  categories  based  on  their  approximate  equivalence  to 
Douglas-fir  in  terms  of  cubic-foot  mean  annual  increment  at  culmination. 

IDENTIFYING  TREATMENT  OPPORTUNITIES 

Identifying  candidate   stands  for  hardwood  conversion  was  not  difficult  with 
our  data  base.      We  included  all  hardwood  stands  that  were  on  sites  that  showed 
evidence  of  having   supported  a  conifer  stand  in  the  past.      The  age  and  productiv- 
ity stratification  provide  a  partial  basis  for  determining  the  economics  of  con- 
version. 

It  is  generally  accepted  that  commercial  thinnings   should  reduce   stocking 
to    about    60    percent    of   normal    basal    area.      This    is    apparently    based    on    the 
reasoning  that  60  percent  of  normal  basal  area  will  maintain  full  normal  growth. ^ 


Richard  E.    McArdle,    Walter  H.    Meyer,   and  Donald  Bruce.      The  yield  of 

Douglas-fir  in  the  Pacific  Northwest.      USDA  Tech.    Bull.    No.    201,   p.    11  and  12 

and  table   2.      Rev.    1961. 

2 
The  60-percent  figure  is  accepted  by  a  number  of  agencies  including  the 

Bureau  of  Land  Management  and  U.S.    Forest  Service;    the  concept  that   less   than 

full  stocking  will  produce  full  growth  is  presented  in  a  number  of  sources, 

including  David  H.    Smith,    The  practice  of  silviculture.    New  York,   John  Wiley 

and  Sons,   p.    43,    1962. 


In  order  to  use  this  thinning  guide,    there  must  be  some  trees  in  excess   of   this 
figure.      We  chose    70  percent. 

All  stands  that  are  candidates  for  commercial    thinning  are  considered 
candidates  for  fertilization  as  well.      In  addition  we  have  considered  that   stands 
with  40-  to  69-percent  stocking  are   candidates  for  fertilization. 

For  stands  aged  15  and  25,    we   said  that  they  must  have  at  least   30  percent 
of  normal   stocking  and  more  than  450  trees  per  acre  to  be  considered  for  pre- 
commercial  thinning.      This  is  admittedly  an  arbitrary  standard;  however,    work 
in  the  economics  of  precommercial  thinning  in  the  Douglas-fir   region  is  virtually, 
if  not  in  fact,    nonexistent. 

For  regeneration  candidates  we  included  all  stands  with  less  than   30  per- 
cent of  normal  stocking;   for  stands  45  years   and  over,    we  also  included  all 
those  with  30  to  39  percent  of  normal  stocking. 

Although  further  stratification  would  have  yielded  categories  that  were 
more  homogeneous,    we  felt  that  this  degree  of  stratification  was   sufficient 
considering  the  biological  response  data  and  projection  model  that  we  planned 
to  use.      Figure   1    shows  how  the   stands  were  combined  into  treatment  opportun- 
ity classes. 

DISCUSSION  OF  TABLES 

Data  in  all  tables  come  from  inventories  of  various  years.      For  this 
reason,    we  cannot  expect  totals  to  agree  with  other  published  data  which  are 
generally  adjusted  for  recent  changes  in  land  use  and  to  a  common  point  in 
time.      The  amount  of  detail  in  these  tables  makes  this  kind  of  adjustment  in- 
feasible.      This  does  not  detract  from  these  data  as  an  estimate  of  the   relative 
condition  of  forests   in  western  Washington  and  western  Oregon.      However, 
totals   should  be  used  cautiously  where  these  kinds  of  adjustments   are  important. 

For  all  owners  except  National  Forest,    table   1    shows  the  total  area  of 
commercial  forest  land  in  conifer  stands,    hardwood  stands   on  conifer  sites  and 
on  hardwood  sites,    and  other  by  productivity  class  in  western  Oregon  and  west- 
ern Washington.      Data  for  five  National  Forest  working  circles  are  shown  in 
table  Z. 

For  the   same  owners  and  regions,    table   3   shows  the  area  of  hardwood 
stands  on  conifer  sites  by  age  of  stand.      These  have  been  classified  according 
to  their  potential  for  conifer  production.      There  is  no  comparable  table  for  the 
five  National  Forest  working  circles  because  there  were  no  such  acres  identified. 
The  acreage   shown  here   sets  an  upper  limit  on  the  opportunity  for  converting 
hardwood  stands  to  conifer.      The  age  of  the  existing  hardwood  stands  and  their 
potential  for  conifer  production  are  useful  for  estimating  the  economic  feasibility 
of  the  alternative  to  convert  hardwood  stands  to  conifer. 
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Figure  I  .-- Identification   of   treatment   possibilities.       For   convenience, 
productivity   stratification   is   not   shown   in    this   figure  but   is   available 
in    the   tables.      Possible   treatments :      A   -   Convert    to   conifer;    B   -   Commer- 
cial   thin,    commercial    thin   and  fertilize;    C   -   Fertilize;    D  -   Precommercial 
thin;    E   -    Clean   and  weed  or  regenerate. 


Tables  4,  5,  and  6  show  by  State  and  owner  the  area  in  conifer  stands  by 
age,  productivity,  and  stocking  classes.  Table  7  shows  the  same  data  for  five 
National  Forest  working  circles.  These  data  can  be  used  to  delimit  the  oppor- 
tunities for  commercial  thinning  and  fertilization. 

Tables  8  and  9  can  be  used  to  delimit  the  opportunities   for  spacing  control. 
The  450-tree  limit  per  acre   represents  an  average   spacing  of  appro.xiinately   10 
by  10  feet. 

Table  10  includes  all  Region  6  National  Forest  areas  in  western  Oregon 
and  western  Washington.  These  data,  which  show  area  by  age,  come  from 
Region  6  timber  nnanagement  plans  and  inventory  statistics  and  were  essential 
to  the  calculation  of  most  existing  allowable  cuts.  Table  10  has  been  included 
so  that  the  total  commercial  forest'land  in  western  Oregon  and  western  Wash- 
ington for  each  owner  can  be  accounted  for  in  a  format  basic  to  analysis  of  the 
area's  timber  harvesting  potential. 

COTJCLUSIONS 

The  data  provided  here  are  a  necessary  ingredient  to  any  serious   consider- 
ation of  future  timber  supplies  in  the  Douglas-fir  region.      Although  the  actual 
limits   used  to  identify  opportunities  might  vary  according  to  others'   opinions  of 
owner  objectives  or  to  local  conditions,    these  data  still  provide  a  valid  basis  for 
estimating  the  extent  of  mianagement  opportunities. 
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Table  l.--Area—     of  commercial  forest    land  by  conifer  productivity   class  and 
stand  type  for  five  National  Forest  working  circles  in 
western  Washington  and  western  Oregon 

(In  acres) 


Stand  type 


High 


Medium 


Low 


Total 


Conifer  stands 
Hardwood  stands  on 

conifer  sites 
Other 
Hardwood  stands  on 

hardwood  sites 

Total 


251,000 
13,000 


264,000 


Western  Washington 
246,000  621,000 


17,000 


29,000 


263,000 


650,000 


,119,000 
59,000 


1  ,178,000 


Conifer  stands 
Hardwood  stands  on 

coni  fer  sites 
Other 
Hardwood  stands  on 

hardwood  sites 

Total 


Western 

Oregon 

114,000 

474,000 

1,428,000 

2,016,000 

6,000 

16,000 

82,000 

104,000 

-- 

6,000 

41,000 

47,000 

119,000 

496,000 

1,552,000 

2,167,000 

-  Data  as  of  date  of  inventory.  Inventory  dates  of  National  Forest  working 
circles  are:  south  Mount  Baker,  1965;  Gifford  Pinchot,  1969;  Rogue  River,  1967; 
Siskiyou,  1967;  and  Umpqua,  1968-69. 
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1/  2/ 
Table  Q.--Area—     —     in    15-   and  2S-year  conifer  stands  hj   U; 


Other  public-^ 

Forest  industry 

Age 

High 

Medium 

Low 

Total 

Hiqh 

Medi  um 

class 

450 

Less  than 

450 

Less  than 

450 

Less  than 

450 

Less  than 

450 

Less  than 

450 

Less  tha 

or  more 

450 

or  more 

450 

or  more 

450 

or  more 

450 

or  more 

450 

or  more 

450 

Western   Washington 

15 

11,000   2,000   17,000   24,000   24,000   3,000    52,000  29,000 

55,000   18,000 

52,000     2,000 

25 

17,000     --   37,000   14,000   28,000  16,000    83,000  30,000 

62,000   14,000 

17,000    30,000 

Total    28,000   2,000   54,000   39,000   52,000  19,000   134,000  60,000   117,000   32,000   69,000 


32,000 


15 
25 


14,000 


8,000 


8,000 


Western  Oregon 

7,000    21,000   7,000    17,000   12,000 
8,000    14,000   29,000 


8,000 


35,000 
8,000; 


Total  14,000       8,000         8,000 


7,000    21,000  15,000    31,000   42,000    8,000    44,000 


—  Data  are  as  of  date  of  inventory  and  have  not  been  adjusted  to  agree  with  updated  area  statistics. 
Inventory  dates  are:  western  Oregon,  1961-62;  southwest  Washington,  1963;  Olympic  Peninsula,  1965;  and  Puget 
Sound,  1966. 
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ictivity ,   and  owner  in  westerm  Washington  and  western  Oregon 
) 


Forest  industry--Continued 

Other  private 

Low 

Total 

High 

Medium 

Low 

Total 

) 
)re 

Less  than 
450 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

)0    1,000 
)0    7,000 

148,000   21,000 
93,000   51,000 

Westeim  Washington- -Continued 

11,000       --     16,000      --   21,000 
22,000       --     24,000     --   53,000 

2,000 
4,000 

48,000   2,000 
99,000   4,000 

)0 


)0 


8,000   241,000   72,000   33,000 


41 ,000 


56,000    25,000  104,000   30,000 
8,000    22,000   45,000   23,000 


Western   Cir'e^o7i--Continued 
23,000 


8,000  14,000 
14,000   7,000 


74,000   6,000   147,000   6,000 


38,000  14,000 
37,000  29,000 


)0   64,000    46,000  149,000   53,000    23,000     22,000  21,000 


74,000  43,000 


2/ 

—  Excludes  stands  with  less  than  30  percent  of  normal  stocking. 

3/ 

—  All  public  ownerships  except  National  Forests. 


19 


Total 


15 
25 

Total 


1/  2/ 
Table   9. --Area-    —     in   15-  and  2S-year  conifer  stands  by   trees  per  acre 

and  productivity  for  five  National  Forest  working  circles 

in  western  Washington  and  western  Oregon 

(In  acres) 


Age 
class 

High 

Medium 

Low 

Total 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

450 
or  more 

Less  than 
450 

15 
25 

2,000 

Western   Washington 

-       4,000     13,000     4,000 
4,000     2,000 

13,000 
4,000 

9,000 
2,000 

2,000 


4,000 


17,000 


Western  Oregon 


2,000 
2,000 


16,000 
41  ,000 


6,000 


7,000 
2,000 


17,000  11,000 


18,000 
43,000 


7,000 
2,000 


4,000 


57,000 


9,000 


61 ,000 


9,000 


—  Data  as  of  date  of  inventory.  Inventory  dates  of  National  Forest  working  circles  are: 
south  Mount  Baker,  1965;  Gifford  Pinchot,  1969;  Rogue  River,  1967;  Siskiyou,  1967;  and  Umpqua, 
1968-69. 

2/ 


. 


Excludes  stands  with  less  than  30  percent  of  normal  stocking. 


Table  ]0.--Area  of  commercial  forest   land—    by  age  class  on 
National  Forest   land,    in  western  Washington  and 
western  Oregon 

(In  acres) 


Age 


Western  Washington 


Nonstocked 

88,000 

<  6 

129,000 

10 

49,000 

20 

18,000 

30 

42,000 

40 

57,000 

50 

63,000 

60 

53,000 

70 

31,000 

80 

52,000 

90 

20,000 

100 

48,000 

>100 

748,000 

Mi  xed 

age 

>100 

130,000 

Mixed 

age 

<100 

240,000 

Mi  xed 

age 

tal 

unclassified 

97,000 

Tc 

1,867,000 

Western  Oregon 


198,000 
152,000 
132,000 
100,000 

69,000 
181 ,000 
131,000 
225,000 
174,000 
179,000 

85,000 

173,000 

1 ,909,000 

338,000 

703,000 

73,000 


4,822,000 


20 


—    Data  are  from  inventory  or  management  plan  statistics.      For 
certain  forests   the  area  base   is   total   comnercial    forest  land;   for 
others  only  area  of  comnercial    forest   land  classified  as   "timber  key 
value"   is   included.     Dates  of  published  data   range  from  1962  to  1970. 


APPENDIX 
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STAND  CLASSIFICATION 

We    used  Forest  Survey  inventory  data  to  develop  the  data  base   from  which 
candidate   stands  could  be  identified  for  management  treatments.      Ideally  for  this 
purpose,    we  would  like  to  identify  very  uniform  stands  that  are  homogeneous  with 
respect  to  present  and  future  yield  without  additional  treatnient,    with  respect  to 
response  to  treatments,    and  with  respect  to  costs  of  treatments,    because  these 
factors  are  important  determinants  of  economic  feasibility  and  potential  harvest. 

However,    Forest  Survey  inventory  field  data  collection  procedures  are 
designed  to  obtain   relatively  complete  information  on  the  total  tree  population 
within  a  sample  area.      This  includes   recording  information  on  all  trees   ranging 
in  size  from  seedlings  through  mature   sawtimber.      Usually,    stand  attributes 
such  as  age  or   stocking  are  developed  from  all  of  the  measured  components. 
However,    in  defining  management  or  treatment  opportunities,    not  all  components 
of  a  stand  are  viewed  equally.      A  case  in  point  would  be  a  mature   sawtimber 
stand  with  sapling  or  poletimber  components.      Where  harvesting  methods  would 
destroy  these   smaller  trees,    they  are  of  no  interest  to  the  forest  manager  and 
should  not  be  counted  in  stocking  nor  considered  in  determining  stand  age. 
Similarly,    in  a  predominantly  young  stand,    the   residual  large  older  sawtimber 
trees--which  currently  enter  into  Survey  stocking  determination- -  should  not  be 
considered  in  economic  analysis  of  thinning  opportunities  and  have  been  omitted 
in  our  procedures. 

The  variables  we  used  to  identify  candidate  stands  were   stocking  by  soft- 
woods and  hardwoods,    age  class,    and  trees  per  acre.      We  also  stratified  all 
areas  by  productivity  classes.      The  following  sections  define  these  variables 
as  we  employed  them. 

Stocking 

Stocking  is  the  measure   used  to  indicate  how  well  the  productive  potential 
of  the  forest  is  being  utilized.      In  assessing  opportunities  in  terms  of  stocking, 
stands  which  contain  just  enough  trees  to  realize  the  productive  potential  of  the 
forest  usually  need  no  additional  treatment  beyond  perhaps  fertilization.      Stands 
with  more  stocking  offer  opportunity  to  increase  value  or  total  yields  by  reducing 
stocking  to  fewer  but  more  desirable  trees  and  by  offsetting  loss  through  mortal- 
ity.     If  stocking  is  less  than  desirable,    other  alternatives   such  as   reinforcement 
planting  or   regeneration  cutting  might  be  examined.      Whether  or  not  management 
opportunities  exist  and  the  nature  of  the  opportunities  thus  depend  heavily  on 
stocking. 

Normal  yield  tables  are   used  as  the  basis   for  establishing  stocking  stan- 
dards.     These  tables  are  developed  from  even-aged  and  usually  single- species 
stands.      However,    Forest  Survey  sample  plots  may  be  of  mixed  species,    mixed 
age,    or  both.      We  therefore  use  a  stocking  standard  that  is  a  weighted  average 
of  the  various   species  and  age  classes  present  by  treating  each  tree  individually 
as  if  it  were  growing  in  a  stand  of  trees  of  like  species  and  stage  of  development. 
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The  individual  tree  approach  is  based  on  the  hypothesis  that  the  growing  space 
occupied  by  a  tree  is  related  to  the  species  and  diameter.  That  is,  a  tree  of 
a  given  species  and  diameter  utilizes  the  same  growing  space,  regardless  of 
the  kind  of  stand  in  which  it  is  located.  Thus  a  tree,  that  if  growing  in  a  homo- 
geneous stand  would  represent  5  percent  of  a  normal  stand,  will  contribute  S 
percent  to  the  stocking  measure  regardless  of  the  type  of  stand  in  which  it  is 
located. 

The  stocking  percents  that  we  use  in  this  analysis  are  therefore  percents 
of  "normal"   stocking.      There  is  a  departure  from  this  method,    however,    for 
trees  under   5.  0  inches  d.  b.  h.      Our  philosophy  is  that   seedling  and  sapling 
stands  are  fully  stocked  when  they  contain  enough  trees  to  utilize  the   full  growth 
potential  of  the   site  by  the  time  the  stands   reach   5.  0  inches  d.  b.  h.      Therefore, 
the  percent  stocking  contribution  of  a  tree  less  than   5.  0  inches  d.  b.  h.    is  dis- 
counted for  anticipated  mortality.      The  factors  applied  to  stocking  of  these  trees 
are: 

3.  0-4.  9  inches  d.b.  h.         0.  95 

1  .  0-2.  9  inches  d.  b.  h.         0.  87 

Less  than   1  .  0  inch  d.  b.  h.         0.79 

In  establishing  the   stocking  classes  necessary  to  identify  treatment  oppor- 
tunities,   we  identified  the  stand  components  as  follows: 

(1)  Softwood  or  hardwood  type. 

Based  on  majority  of  stocking  including  all  live  sound  trees  of 
commercial  species. 

(2)  Treatment  opportunities   in  softwood  stands. 

a.  For  precommercial  thinning,    only  stand  ages   1  5  and  25  were 
considered  and  all  live  trees  were  included  in  establishing 
numbers  of  trees. 

b.  For  all  other  treatments  including  commercial  thinning, 
fertilization,    and  harvest  cutting,    only  live   sound  softwood 
trees  were  included  in  our  definition  of  stocking.      In  stands 
classified  by  Survey  as  sawtimber,    seedlings    and  saplings 
were  not  included;   in  poletimber  stands,    seedlings  were 
not  included. 

Stand  age 

Our  purpose  in  defining  stand  age  is  to  identify  the   stand  component  that 
represents  the  "management  opportunity."     Stands  in  the  Douglas-fir  region 
that  do  not  exhibit  a  clear  even-age  pattern  will  often  be  managed  for  the 
"important"   component,    ignoring  the  other  components.      For  this   reason  and 
also  because  we  don't  know  how  to  project  management  of  mixed-age   stands, 
we  classified  all  stands  into  even-age   stands  by   10-year  age  classes. 

Ten-year  stand  ages  were  assigned  to  conifer  and  hardwood  stands  based 
on  calculations   of  stocking  in  live   sound  softwoods   in  softwood  stands  and  live 
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sound  hardwoods  in  hardwood  stands.      Stocking  was  arrayed  in   10-year  age 
classes  from  10  through  200.      We  then  looked  at  the  sums   of  stocking  for  all 
combinations  of  three  adjacent   10-year  age  classes  to  identify  the  group  with 
the  highest  sum.      The  tentative   stand  age  assigned  would  be  the  miiddle  one  of 
these  three,    unless  one  of  the   end  classes   contained  over   50  percent  of  the 
stocking  in  the  group,    in  which  case  that  age  class  would  be  the  tentative   stand 
age.      Beyond  age  class   200,    Survey  data   recognize   only  age   250  and   350  and 
older.      Since  we  are  not  interested  in  old-growth  stands  in  terms   of  treatment 
opportunities,    we  are  not  particularly  concerned  with  these   older  age  classes. 
However,    if  we  have  a  higher  percent  stocking  in  either  the   250  or   350  age 
class     than    we  do  in  the  triplet  used  to  set  the  tentative  age,    we  would  put  this 
stand  in  the   1  55-year-and- older  category. 

Site  Productivity 

Our  site  classification  is  based  on  Survey-defined  site  indices.      Our 
"medium"   site  includes  Douglas-fir   site  indices   130,    140,    and   150.      Site  indices 
above  and  below  that   range  are  "high"  and  "lov/,  "    respectively.      For  conifer- 
site  trees  other  than  Douglas-fir,    "medium"   site  included  those   site  indices   for 
which  the  cubic-foot  mean  annual  increment  at  culmination  was  comparable  to 
that  for  Douglas-fir,      This  would  include,    for  example,    western  hemlock  site 
indices   100  and  110.      "High"   and  "low"   sites  were  treated  similarly.      Most 
Forest  Survey  site  trees  are  conifers   (even  on  hardwood  stands).      Where  the 
site  tree  was  a  hardwood  and  we  wanted  a  conifer  site  productivity  (to  evaluate 
stand  conversion),    we  converted,    using  the  site  equivalencies  assumied  in  Yoho 
et  al.  ^ 
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James  G.    Yoho,   Dccniel  E.    Chappelte,   and  Dennis  L.    Schweitzer.      The  economics 
of  converting  red  alder  to  Douglas-fir.      USDA  For.   Serv.    Res.   Pap.    PNW-88,    1969. 
Pac.    Northwest  For.    &  Range  Exp.    Stn. ,   Portland,   Oreg. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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unters  at  Regulated 
lant-and-Shoot  Pheasant  Areas  in 
Western  Washington 
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ABSTRACT 

This  study  focuses  on  pheasant  hunters  at  four  State  of  Washington 
Department  of  Game  plant-and- shoot  areas.     Of  the  1,296  hunters  who 
received  a  mail  questionnaire,    87  percent  responded.     Findings  suggest 
positive  values  from  a  popular  program,    the  need  to  reduce  orcwding, 
a  need  to  more  equitably  distribute  hunting  success,   and  a  revenue 
potential  from  a  user  charge.     Hunter's  sex,   age,   education,   occupa- 
tion,   income,   residence,   organization  membership,   and  hunting -related 
reading  habits,   motives,   complaints,   and  success  are  described.     Manage- 
ment recommendations  are  developed  from  the  study  findings. 

Keywords:     Hunting,  pheasants,   wildlife  management,  public 
opinion  surveys. 
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Oregon  State  University,  and  a  Ph.  D.  degree  from  the  University  of  Wash- 
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INTRODUCTION 


THE  PLANT-AND- SHOOT 
CONCEPT 

"Plant  and  shoot"  hunting  refers  to 
the  sporting  pursuit  of  game  birds  that 
have  been  raised  in  captivity  and  then 
released  in  a  hunting  area.    IdeaUy,  these 
planted  birds  closely  approximate  wild 
ones  in  their  appearance  and  behavior 
under  sport- hunting  conditions.    This  type 
of  hunting  grew  rapidly  during  the  1950's 
because  of  diminishing  hunting  opportuni- 
ties.    Population  densities,  urban  sprawl, 
conversion  of  agricultural  land  to  urban 
uses,    "clean  farming"  practices,    and 
other  land  uses  reduce  bird  habitat.    In- 
creasing hunting  pressure,   accompanied 
by  hunter  nuisance,    leads  private  land- 
owners to  lease  hunting  rightsl./  or  to  post 
their  land  against  trespass  altogether. 
These  pressures  are  most  acute  in  the 
Eastern  United  States,  but  all  regions  of 
the  country  are  now  feeling  the  pinch. 

Many  States  provide  public  or  pri- 
vate or  both  plant- and-shoot  programs  to 
meet  increasing  hunting  demands.  In  1965 
about  2,500  public  and  private  preserves 
operated  in  47  States,  with  over  2  million 
game  birds  harvested  each  year  (Kozicky 
and  Madson  1966).  The  numbers  are  far 
greater  today. 

Managing  pi  ant- and- shoot  programs 
is  a  difficult  challenge,  and  privately  owned 
programs  receive  little  profit  (Dickey 
1957,   1962).     Successful  programs  require 
efficient  raising  and  planting  of  birds,   and 
intensive,   but  carefully  controlled. 


—     John  Scribner  Barclay.      Significant 
factors  influencing  the  availability  of  privately 
owned  rural  land  to  the  hunter.     M.  S.  thesis  on 
file  at  Pa.  State  Univ. ,   University  Park,   112  p. , 
19G5. 


management  of  hunting  pressure  to  insure 
hunting  safety  and  satisfaction  under 
acceptable  standards  of  c|ualit\'. 

WASHINGTON'S  REGULATED 
PLANT- AND-SHOOT 
PHEASANT  HUNTING 

Washington's  pheasant-hunting  pro- 
gram stems  from  the  State  Game  Com- 
mission's policy  that  free  public  hunting 
is  desirable  (Dziedzic  and  Lauckhart 
1966).     The  Department  of  Game  follows 
this  directive  through  regulated  plant- 
and-shoot  hunting.    Regulation  of  hunters 
differs  from  area  to  area.     Controls  in- 
clude limits  on  vehicles  in  parking  lots; 
self-issued  permits;  restrictions  on  camp- 
ing, littering,  fires,   and  road  use;  and 
"no-shoot"  safety  zones. 

Regulated  areas  throughout  Wash- 
ington belong  to  or  are  controlled  by  the 
Department  of  Game  under  management- 
lease  agreements  with  private  or  public 
landowners.    Owners  of  private  lands  are 
guaranteed  posting  and  enforcement  of 
"safety  zones,  "  which  typically  include 
buildings,  feedlots,  roadways,  and  other 
areas  that  the  landowner  wishes  protected. 
Selection  of  areas  for  regulated  hunting 
depends  on  their  proximity  to  population 
centers,  extent  and  condition  of  habitat, 
posting  status  of  surrounding  land,   and 
availability. 

PI  ant- and-shoot  funding  comes 
from  general  hunting-license  revenue, 
and  recently  from  sale  of  upland  bird 
permits  required  for  all  pheasant,  chukar, 
and  quail  hunting  in  the  State. 

The  Cascade  Range  in  Washington 
divides  the  more  densely  populated  and 
forested  western  Washington  from  rural 
eastern  Washington,  where  the  high-cjualitj' 


pheasant  habitat  provides  abundant  hunting 
opportunities.     In  the  populous  40-mile- 
wide  strip  along  Puget  Sound  in  western 
Washington,  61  percent  of  the  State's  popu- 
lation resides  on  less  than  10  percent  of 
the  land. 

Regulated  plant-and-shoot  areas 
total  some  27,  000  acres  in  both  eastern 
and  western  Washington.     However,  the 
program  and  this  study  focus  on  western 
Washington,  where  approximately  32,000 
pheasants  are  raised  and  released  each 
year  on  regulated  and  other  public  shoot- 
ing areas  for  about  $3.50  per  bird.     Bird 
stocking  aims  to  maximize  hunter-days 
afield,   and  hunters  typically  average  2  to 
4  days  afield  per  bird  killed. 


Each  year,  the  Washington  Department  O; 
Game  raises  some  32,000  pheasants  for  releai 
on  western  Washington's  public  hunting  area; 
Ideally,  these  planted  birds  are  identical 
to  wild  ones  in  appearance  and  behavior  undiii 
sport  hunting  conditions.  (Courtesy  Washin** 
ton  Department  of   Game.) 


A  STUDY  OF  REGULATED  PLANT-AND-SHOOT  HUNTERS 


STUDY  OBJECTIVES 

People-management  problems  are 
particularly  complex  on  public  hunting 
areas  where  hunting  conditions  are  con- 
gested.    Public  plant-and-shoot  hunting 
supplements  natural  hunting  by  increas- 
ing hunting  opportunities  and  extending 
the  pleasure  of  hunting  to  a  wider    clien- 
tele than  possible  under  natural  conditions. 
The  following  specific  objectives  of  this 
study  relate  to  these  people- management 
problems. 

1.  To  describe  clientele  of  the 
plant-and-shoot  regulated  areas  and  to 
compare  them  with  Washington's  general 
hunting  population  and  with  the  State  and 
Puget  Sound  basin  populations. 

2.  To  determine  attractions  or 
hunter  motives  for  patronizing  regulated 
areas  and  how  hunters  originally  were 
introduced  to  the  areas.    And  further,  to 
survey  hunter  complaints  about  the  areas. 

3.  To  determine  the  distribution 
of  success  among  regulated  hunters, 


comparing  it  with  success  on  nonreg\ilated 
areas  and  with  other  factors. 

4.  To  evaluate  the  income  potential 
of  regulated  areas  under  a  hypothetical 
fee  structure. 

5.  To  develop  management  impli- 
cations of  the  study  findings. 

THE  STUDY  AREAS 

This  study  includes  four  hunting 
areas  in  western  Washington  that  ax^e 
close  to  the  population  centers  of  the 
Puget  Sound  basin  and  where  hunters 
are  required  to  issue  themselves  a  per- 
mit each  time  they  enter  an  area.     The 
areas  include  the  Lake  Terrell,  Still- 
water,  Fort  Lewis,  and  Scatter  Creek 

2  / 
Wildlife  Recreation  Areas  (fig.   1).-^ 


-    Except  for  the  Fort  Lewis  area,  all  are 
owned  by  Washington  Department  of  Game. 


British 


Columbia 


Oregon 


Figure    1. — Location   of   the  four   regulated  plant-and-shoot  pheasant 
hunting  areas   studied   in   Washington:       (1)    Lake   Terrell,     (2)    Still- 
water,    (3)    Fort   Lewis,    (4)    Scatter   Creek. 


Lake  Terrell  is  the  northernmost 
area,  located  near  Bellingham,  about  110 
miles  from  Seattle.      The   Lake  Terrell 
area  includes  about  1,050  acres,  but  only 
400  acres  are  for  regulated  pheasant 
hunting.     The  Department  of  Game  farms 
approximately   150  acres  there  for  both 
waterfowl  and  upland  game  habitat,    and 
the  pheasant  habitat  is  excellent  for 
western  Washington. 

Just  25  miles  east  of  Seattle  is  the 
Stillwater  area  on  458  acres  of  Snoqualmie 
River  bottom  land.     This  area  was  first 
opened  for  regulated  hunting  in  1970,  but 
other  activities  include  waterfowl  hunting. 


bird-dog  training,   and  field  trials. 
About  200  acres  of  agricultural  crops 
provide  short-term  cover  and  food  for 
wildlife. 

The  900-acre  Fort  Lewis  area, 
15  miles  south  of  Tacoma,  provides 
hunting  under  a  special  use  agreement 
with  the  U.  S.  Army. 

The  Scatter  Creek  area,  15  miles 
south  of  Olympia,  is  divided  into  a 
400-acre  unit  and  a  320-acre  unit,     in 
addition  to  pheasant  hunting,  the  area 
provides  some  grouse,  duck,   ;md  deer 
hunting. 


HUNTING  ACTIVITY, 
SUCCESS,  AND 
OPERATION  OF  THE 
FOUR  STUDY  AREAS 

All  four  study  areas  show  heavy 
hunting  pressure  with  relatively  few  birds 
available  per  hunter,   and  success  varies 
widely  (table  1).     The  Stillwater  area  close 
to  Seattle  is  the  smallest  area  but  shows 
the  most  hunters,  the  fewest  pheasants 
released,  and  the  lowest  success.     Still- 
water hunters  averaged  12.  3  visits  per 
bird  bagged  compared  with  3.  6  visits  per 
bird  on  all  areas  combined.—/     The  plant- 
ing of  more  pheasants  at  Stillwater  might, 
therefore,  be  a  good  way  to  increase 
hunter  success  and  thus  hunter  enjoyment. 
The  other  three  areas  are  similar    in 
stocking  and  success,  yielding  about  one 
bird  per  2.  7  hunter-days.     For  the  season, 
there  was  only  0.  16  bird  available  per 
hunter  visit  at  Stillwater,  but  over  three 


3/ 

—      The  Washington  Department  of  Game 

interpretation  of  these  data  is  that  Stillwater  pro- 
vided more  recreation  per  bird  planted  and  thus 
was  more  efficient  in  achieving  the  agency's  objec- 
tive of  maximizing  hunter-days  of  recreation. 


times  as  many  were  available  at  the  other 
three  areas.     This  might  be  because  1970 
was  the  first  year  of  operation  at  Still- 
water.    But  when  more  birds  were  planted 
the  next  year,  the  larger  number  of  hunters 
held  the  birds  available  per  visit  to  half 
that  of  the  other  areas. 

Table  1  reflects  hunter  congestion. 
Almost  21,000  hunter  visits  took  place  on 
2,478  acres.    However,  hunter  density 
varies  considerably,   as  figure  2  shows. 
The  heavy  hunting"  pressure  and  high  bird 
harvest  on  weekends  might  be  shifted  to 
weekdays  by  revising  planting  schedules 
and  other  measures  to  encourage  a  shift 
in  hunting  pressure. 

The  Nilo  system  of  shooting  pre- 
serve management  provides  an  example 
of  how  a  private  shooting  preserve  views 
hunter  crowding  (Kozicky  and  Madson 
1966,  p.  45):    "Each  hunting  party  should 
be  assigned  sufficient  acreage  and  hunting 
cover  so  that  it  can  enjoy  about  t\vo  hours 
afield  without  interfering  with  another 
hunting  party.     A  well-developed  300-acre 
area  might  accommodate  four  hunting 
parties  of  four  members  each  .  .   .   .  " 


Table   1. — Hunting  pressure,    harvest,    and  stocking  of  four  regulated  hunting  areas  during   1970 


Area 

Acres 

Hunter 
visits 

Pheasants 
released 

Birds 
harvested 

Percent  , 
harvest— 

Hunter  visits 
per  bird 
harvested 

Birds  available 
per  hunter  visit 

1970      1971 

Lake  Terrell 

400 

5,340 

2,878 

2,053 

71 

2.6 

0.54      0.49 

Stillwater 

458 

6,692 

1,050 

545 

52 

12.3 

.16       .24 

Fort  Lewis 

900 

4,019 

2,280 

1,515 

66 

2.7 

.57       .49 

Scatter  Creek 

720 

4,910 

2,445 

1,739 

71 

2.8 

.50       .57 

Total 


2,475 


20,961 


8,653 


5,852 


3.6 


.41 


,45 


Source:       State   of   Washington   Department   of   Game. 


1/ 


—  One  survey  of  private  shooting  preserves  elsewhere  during  1958-59  showed  an  average  pheasant 
harvest  of  74  percent  for  15  economically  successful  preserves,  although  the  average  harvest  for  nine 
economically  marginal  preserves  was  63  percent  (Kozicky  and  Madson  1966) . 
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Figure    2. — Total   number  of  hunters,    pheasants   harvested,    and  pheasants 

planted  during   the  first  half  of    the  1970   season  on    the  Stillwater  area 
(calculated  from  Department   of  Game   figures   based  on  registration 
permits) . 


THE  QUESTIONNAIRE 

Hunters  received  a  10-page  mail 
questionnaire  including  multiple-choice 
and  open-end  questions. 

A  cover  letter  on  the  front  of  the 
questionnaire  told  the  hunter  of  the  study 
sponsorship,    how  his  name  was  chosen, 


the  importance  of  his  cooperation,  that 
his  identity  was  confidential,  and  offered 
him  a  report  of  the  results. 

Many  months  were  spent  designing, 
pretesting,  and  refining  the  questionnaire.  — 


—    Readers  interested  in  questionnaire  con- 
struction are  referred  to  Potter  et  al.   1972. 


SAMPLING 

Hunters  provided  their  name,  address, 
and  car  license  number  on  self-issued 
hunting  permits  required  each  time  they 
entered  pi  ant- and- shoot  areas.     While  on 
the  area  the  hunter  carried  a  receipt  por- 
tion of  his  permit,    and  upon  leaving  he 
recorded  the  number  of  pheasants  or  other 
game  bagged  and  deposited  the  permit  in 
a  locked  box.     Violators  of  this  procedure 
were  subject  to  arrest. 

We  sampled  permits  from  the  four 
selected  areas  for  the  first  half  (4  weeks) 
of  the  pheasant  season  in  the  fall  of  1970. 
Only  permits  from  the  first  half  of  the 
season  were  used  because  pheasant 


.INANDouf 

VIOLATORS    Simifrr^^* 


Hunters '    names   and   addresses    came 
from   self-issued  permits   which   they 
must   carry   while   hunting   and   then   re- 
turn with   a    record  of    their   success. 
Questionnaires   were  mailed   to    1,296 
hunters   who   had   registered   at    four 
regulated   areas    in  western  Washington. 


releasing  stopped  shortly  after  the  second 
half  began  and  hunter  numbers  dropped 
drastically. 

Fifteen  percent  of  the  7,067  permits 
collected  were  unusable  because  of  incom- 
plete addresses  or  illegible  handwriting. 
We  also  discarded  1,240  permits  with 
duplicate  names  resulting  from  multiple 
visits  to  an  area  by  the  same  hunter. 
After  eliminating  such  duplication,    we 
drew  a  27-percent  random  sample  of  the 
remaining  4,767  hunters. 

Questionnaires  were  mailed  to  1,296 
of  them  on  March  1,   1971,    each  with  a 
postage-paid  return  envelope  and  a  code 
number  to  identify  each  respondent.    The 
Post  Office  returned  80  questionnaires 
which  left  a  net  sample  of  1,216.     Three 
mail  followup  contacts  spaced  about  a  week 
apart  helped  boost  the  response  to  1,062, 
for  an  87,2  percent  rate  of  return. 
Table  2  summarizes,  for  each  regulated 
area,  the  number  of  hunter-days,  number 
of  different  hunters  entering  areas,  cjues- 
tionnaires  mailed  and  returned,  and  re- 
sponse rates.     These  data  are  comparable 
for  each  ai-ea. 

Despite  the  87.  3-percent  rate  of  re- 
turn, we  contacted  92  nonrespondent  hunters 
by  telephone  to  see  if  they  systematically 
differed  from  respondents  on  six  key 
questions.     Thirty-six  of  the  92  hunters 
had  unlisted  or  disconnected  telephones, 
and  only  19  supplied  answers  to  the  six 
questions.     This  admittedly  inadequate 
sample  of  nonrespondents  did  indicate 
their  similarity  to  respondents,  but  about 
twice   as  many  expressed  decreasing 
interest  in  hunting. 

No  data  in  this  report  were  adjusted 
for  nonresponse  bias  because  it  appeared 
negligible,   and  any  small  distortion  from 
the  12.7-percent  nonrespondents  would  not 
alter  the  data  significantly  nor  change  the 
implications. 


Table  2. — Summary  by  regulated  areas  studied  of  hunter  use,   questionnaires  mailed, 

and  response  rate 


Regulated 
area 


Registered 
hunter-day  si' 


Number  of 

different 

hunters 


Questionnaires 
mailedZ^/ 


Net 
samp  lei' 


Completed 

questionnaires 

returned 


Percent 
return 


Lake  Terrell 

2,026 

995 

269 

263 

225 

85.6 

Stillwater 

2,189 

1,888 

514 

482 

417 

86.5 

Fort  Lewis 

1,348 

800 

217 

203 

185 

91.1 

Scatter  Creek 

1,504 

1,084 

296 

268 

235 

87.7 

Total 

7,067 

4,767 

1,296 

1,216 

1,062 

87.3 

—  Figures  represent  hunter-days  (a  hunter  registered  each  time  he  entered)  during  the 
first  half  (4  weeks)  of  the  pheasant  season. 

2/ 

—  Approximately  a  27-percent  sample. 

3/ 

—  Questionnaires  mailed  minus  those  returned  by  Post  Office. 


HUNTER  CHARACTERISTICS 


The  following  section  charactei^izes 
hunters  in  regulated  areas  and  compares 
them  with  a  sample  of  all  licensed  hunters 
in  Washington, .5./  with  census  data  on  the 
State's  population  and  census  from  the 
seven-county  Puget  Sound  basin.     Such 
information  helps  answer  questions  im- 
portant to  the  management  of  the  regulated 
hunting  program.     For  example,  who  are 
the  direct  beneficiaries  of  the  program? 
How  do  they  compare  with  other  hunters 
and  with  the  general  population?    How 
might  hunters  be  educated  or  informed 
of  management  practices?    We  considered 
these  questions  in  light  of  the  hunter's 
sex,  age,  education,  occupation,   income, 
residence,  membership  in  sportsman's 
organizations,   and  readership  of  sporting 
magazines. 


SEX 


Most  hunters  are  males.     Previous 


— '  Data  came  from  a  similar  questionnaire 
study  of  a  2-percent  sample  of  all  licensed  Wash- 
ington hunters  which  resulted  in  approximately  iJi 
85-percent  return  and  data  on  5,540  hunters. 


studies  report  from  89-  to  99-percent 
male  participation,  averaging  about  93 
percent  (Peterle  1967,  Garrett  1970, 
Folkman  1963,  Kirkpatrick  1965,  Bevins 
et  al.   1968).     Thus,  it  is  not  surprising 
to  find  women  as  only   2.8  percent  of 
the  regulated  area  hunters.       However, 
6.2  percent  of  all  Washington  hunters  are 
women.     Data  on  all  Washington  hunters 
indicate  that  75  percent  of  the  women 
hunters  prefer  big  game  hunting,  which 
may  explain  the  lower  proportion  of 
women  in  the  regxilated  areas. 

AGE 

Regulated  area  pheasant  hunters 
represent  ages  from  11    to   78,    but  middle- 
age  adults  predominate,   with  an  average 
age  of  34.8  years   (table  3).     Age  distri- 
butions for  hunters  in  the  four  areas 
studied  are  largely  the  same  and  not 
meaningfully  different  from  those  for  all 
Washington  hunters. 

Compared  with  the  Washington  popu- 
lation, the  very  young  and  the  elderly 


Table  3. — Age  distribution  of  regulated  area  hunters  compared  with  all  Washington  hunters 

and  the  general  population 


Regulated  area 


Age  group  (years) 


Under  20 


20-24 


25-34 


35-44 


45-64 


65+ 


Total 


Number  of 
respondents 


-  -  - 

Percent  -   -  - 

-  -  -  - 

Lake  Terrell 

18 

14 

27 

17 

22 

3 

101 

223 

Stillwater 

13 

9 

31 

22 

20 

5 

100 

411 

Fort  Lewis 

13 

16 

24 

26 

20 

1 

100 

184 

Scatter  Creek 

17 

8 

27 

21 

23 

4 

100 

233 

1/ 
Average- 

15 

11 

28 

21 

21 

4 

100 

1,051 

All  Washington 

hunters 

17 

11 

24 

19 

25 

4 

100 

5,419 

Washington  State 

population2./ 

25 

11 

16 

13 

25 

10 

100 

— 

—  No  statistically  significant  differences  exist  between  areas  at  0.05  level.   Chi  square  = 
25.222,  with  18  degrees  of  freedom. 

2/ 

—  Males  only,  10  years  and  over    (U.S.  Bureau  of  the  Census  1971). 


pheasant  hunters  are  slightly  underrepre- 
sented.     Decreasing  physical  ability  and 
lessening  interest  in  participating  in 
strenuous  activity  are  probably  reasons 
why  older  persons  are  underrepresented 
among  hunters  (U.  S.   CXitdoor  Recreation 
Resources  Review  Commission  1962).    The 
younger  age  groups  are  probably  under- 
represented  because  of  time  constraints 
in  establishing  families,  education,  and 
careers.     Perhaps  urbanization  of  Ameri- 
can society  and  changing  values  and  life 
styles  account  for  some  of  this  difference. 

EDUCATION 

The  regulated  area  pheasant  hunters 
are  well  educated,  much  more  so  than  the 
average  for  other  Washington  hunters,  the 
State,  and  Puget  Sound  region  populations. 
Twenty-two  percent  of  the  regulated  area 
hunters  had  attended  college  at  one  time, 
11  percent  had  college  degrees,  and  another 
10  percent  had  done  postgraduate  work 
(table  4).     The  4Z  vercent  of  the  hunters 


with   eduoation  beyond  high  school  is 
about  one-third  greater  than  all  Wash- 
ington hunters.  The  high  educational  level 
of  the  pheasant  hunters  may  relate  to  the 
pi'oximity  of  the  regulated  areas  to  metro- 
politan areas  where  there  are  many  employ- 
ment opportimities  for  educated  persons. 

We  found  no  other  studies  of  plant- 
and-shoot  hunting  programs  with  compar- 
able data,   although  several  studies  have 
reported  educational  levels  of  all  types  of 
hunters.—/    These  studies  show  about  the 
same  trends  as  our  findings,  though  not 
so  pronounced. 

— '  A  national  survey  by  the  U.  S.  Bureau  of 
Sport  Fisheries  and  Wildlife  (1965)  found  that  18.6 
percent  of  the  hunters  (all  tjTDCs)  sampled  had 
attended  college,  and  in  1970  another  survey  showed 
25.6  percent  had  attended  college  (U.S.  Bureau  of 
Sport  Fisheries  and  Wildlife  1972).     Bevins  et  al. 
(1968)  found  that  22  percent  of  the  hunters  in  six 
Northeastern  States  had  attended  college.     Kirk- 
patrick  (1965)  found  that  30  percent  of  New  Mexico 
resident  upland  bird  and  waterfowl  hunters  had  high 
school  educations  and  18.  1  percent  had  attended 
college. 


Table  4. — Eduaational  attainment  of  regulated  area  hunters  compared  with,  all  '■■as>iingto>i 

hunters  and  the  general  population 


Regulated  area 

Less  than 
high  school 

High 

school 

Some 
college 

College 
graduate 

Post- 
graduate 

Total 

Number  of 
respondents 









-  -  Peraent   - 

Lake  Terrell 

25 

38 

19 

8 

10 

100 

223 

Stillwater 

21 

32 

24 

12 

10 

99 

408 

Fort  Lewis 

21 

38 

21 

12 

8 

100 

182 

Scatter  Creek 

25 

34 

20 

12 

9 

100 

233 

Average- 

23 

35 

22 

11 

10 

101 

1,046 

All  Washington 

hunters 

33 

37 

18 

6 

5 

99 

5,400 

2/ 
Puget  Sound- 

35 

33 

14 

18 

100 

~ 

Washington  State 

populations/ 

37 

36 

14 

7 

6 

100 

— 

—  No  statistically  significant  differences  exist  between  areas  at  0.05  level.   Chi  square  = 
8.16  with  12  degrees  of  freedom. 

2/ 

—  Seven   counties:      Whatcom,    Skagit,    Snohomish,    King,    Pierce,    Thurston,    and   Lewis    (U.S.    Bureau 

of   the  Census   1972). 

3/ 

—  All   persons   over    24   years    old;    data   not   available   on   persons    less    than   25   years    old.       (U.S. 

Bureau  of   the  Census   1972.) 


The   questionnaires    showed    that 
hunters   were  predominately   young   and 
middle-age   adult  males,    with  higher 
education  and    income    than   either 
Washington's   general   population  or 
other  hunters    in   the   State.      Over 
half    lived    in  a    large   city  or   sub- 
urb.      (Courtesy   Washington  Depart- 
ment of  Game) . 


OCCUPATION 

Regulated  area  hunters  almost 
equally  represent  white-collar  and 
hlue-aollar  occupations.       Thirty-one 
percent  hold  professional,   semiprofes- 
sional,  technical,  and  managerial  jobs, 
and  30  percent  are  tradesmen,  operators, 
or  laborers   (table  5).      Following  are 
students   (14  percent),    and  sales,  service, 
or  clerical  personnel  (10  percent). 

The  few  significant  differences 
in  occupations  between  the   areas  are 
logically  explained  by  the  area's  location. 
The  Stillwater  and  Scatter  Creek  areas, 
near  Seattle  and  Olympia,  respectively, 
received  more  use  by  hunters   in  the 


sales-service-clerical  occupations  than 
did  the  areas  fai^ther  from  large  urban 
populations.     The  Fort  Lewis  area  had 
a  very  high  proportion  of  armed  services 
hunters  because  of  the  nearby  military 
reservation. 

Compared  with  all  Washington 
hunters,    regulated  area  hunters  have 
about  10  percent  more  in  the  professional- 
managerial  occupation  group  and  about 
10  percent  fewer  hunters   in  the  trade- 
operator-laborer  category.     This  varia- 
tion, like  that    for  education,    probably 
results  from  the  location  of  regulated 
hunting    areas  near  urban  centers  where 
professional-technical  employment 
opportunities  are  concentrated. 


Table  5. — Oacupations  of  hunters  from  four  regulated  areas   compared  with  all  Washington 

hunters   and  the  general  population 


Regulated  area 


Occupational  classification 


Professional, 
semiprofessional, 
technical , 
managerial 


Sales, 
service , 
clerical 


Trade, 

operator, 

laborer 


Rancher, 
fanner 


House- 
wife 


Armed 
services 


Retired, 
unemployed 


Student 


Total 


Number  of| 
respondent! 


Percent 


Lake  Terrell 
Stillwater 
Fort  Lewis 
Scatter  Creek 

Average— 


27 
35 
28 
31 


5 

14 
5 

12 


40 
29 
24 

28 


1 

1 

19 

4 


17 

101 

13 

102 

13 

100 

16 

99 

217 
402 
172 
229 


31 


10 


30 


14 


100 


1,020 


All  Washington 

hunters 

20 

9 

39 

3 

4 

2 

Puget  Sound- 

27 

26 

46 

1 

0 

0 

Washington  State 

populations/ 

27 

21 

43 

4 

. 



-  5 


17 
0 


100 
100 

100 


5,355 


—  Statistically  significant  difference  exists  between  areas  at  0.001  level.   Chi  square  =  147.84  with  24 
degrees  of  freedom. 

—  Seven  counties:   Whatcom,  Skagit,  Snohomish,  King,  Pierce,  Thurston,  and  Lewis  (U.S.  Bureau  of  the  Census 
1972). 

3/ 

—  Males  only,  14  years  and  over  (U.S.  Bureau  of  the  Census  1972). 
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INCOME 

Regulated  area  hunters  have  high 
incomes  consistent  with  their  education 
and  occupations .       Almost  half  earn  over 
$12,000  per  year  and   15  percent  earn 
more  than  $18,000  per  year   (table  6). 
The  regulated  area  hunters   also  earn 
slightly  higher  incomes  than  all  Wash- 
ington hunters. 

Both  regulated  hunters   and  all 
Washington  hunters  in  general  have  higher 
incomes  than  reported  in  most  other 


hunter  studies  that  precede  this  stndx- 
by  several  years.     Inflation  ma\-  account 
for  most  of  this  difference. i. 

7/ 

-    Garrett  (1970)  found  22  percent  of  Nevada 

resident  hunters  earning  between  S12,000  and 
$18,  000  per  year,     Davis  (1967)  found  only  5.  9 
pereent  of  Arizona  hunters  earning  over  S15,000. 
Of  resident  bird  hunters  (upland  game  and  water- 
fowl) in  New  Mexico,   Kirkpatrick  (19(i5)  found 
6.9  percent  with  incomes  of  Sl5,000  to  824,999 
and  2.  2  percent  earning  more  than  ?25,  000.     One 
study  (Nobe  and  Gilbert  1970)  reported  incomes 
greater  than  those  of  Washington's  rcgidated  area 
hunters,  e.g. ,  30  percent  of  resident  Colorado 
hunters  earned  over  $15,000  per  year. 


Table  6. — Inoome  of  hunters  from  four  regulated  areas  compared  with  all  Washington 

hunters  and  the  general  population 


Regulated   area 


Income 


Under 
$5,999 


$6,000- 
8,999 


$9,000- 
11,999 


$12,000- 
14,999 


$15,000- 
17,999 


$18,000 
and   up 


Total 


Number   of 
respondents 


Lake  Terrell 

6 

16 

33 

21 

13 

10 

99 

211 

Stillwater 

5 

14 

31 

21 

11 

18 

100 

388 

Fort  Lewis 

8 

18 

32 

19 

8 

14 

99 

176 

Scatter  Creek 

8 

13 

29 

24 

12 

13 

99 

217 

Average- 

7 

15 

31 

21 

11 

15 

100 

992 

All  Washington 

hunters 

13 

21 

29 

18 

8 

10 

99 

5,134 

Puget  Sound- 

18 

17 

22 

17 

23  - 

100 

— 

Washington  State 

population3^/ 

21 

19 

37 

~   ~ 

23  - 

_   _ 

100 



—  No   statistically   significant   difference   exists   between  areas   at   0.05   level.      Chi   square   = 
17.38  with   18   degrees   of   freedom. 

2/ 

—  Seven  counties:   Whatcom,  Skagit,  Snohomish,  King,  Pierce,  Thurston,  and  Lewis  (U.S.  Bureau 

of  the  Census  1972). 

3/ 

—  Family  income  (U.S.  Bureau  of  the  Census  1972). 
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RESIDENCE 

Because  the  regulated  hunting  areas 
were  close  to  the  Seattle  megalopolis,   it 
is  not  surprising  that  over  half  the  regu- 
lated hunters  reported  their  residence 
as    "very   large  city  or  suburb,  ''  but 
only  a  quarter  said  they   lived  in  a 

"rural  area  or  farm''     (table  7).     The 
two  regulated  areas  closest  to  urban  con- 
centrations,  Stillwater  and  Fort  Lewis, 
had  more  urban-resident  use  (67  and  63 
percent,  respectively)  than  Lake  Terrell 
(18  percent),  the  farthest  removed  from 
urban  areas.     This  suggests  that  the 
regulated  areas  attract  hunters  from 
adjacent  or  nearby  areas.—/ 

Many  more  regulated  hunters, 
compared  with  all  Washington's  hunters, 
were  from  urban  areas,    and  they  were 
less  likely  to  be  from  small  towns,  rural 


communities,  or  farms.     In  this  respect, 
the  regulated  hunting  program  along 
Puget  Sound  supplements  natural  hunting 
opportunities  by  serving  the  nearby  urban 
population  which  does  not  have  easy 
access  to  the  more  abundant  pheasant 
hunting  in  eastern  Washington. 

MEMBERSHIP  EST  SPORTSMAN, 
GUN  CLUB,  OR  HUNTING 
ORGANIZATIONS 

Only  a  minority  of  regulated  area 
hunters  belong  to  an  organized  group 
related  to  their  sporting  activity. 
Eighteen  percent  reported  membership 
in  an  organized  sporting  group  or 
club.        Of  these,  20  percent  belonged 
to  more  than  one  organization.     Hunters 
listed  local  sportsman's  or  gim  clubs 
most  often,  followed  by  duck  and  dog 
clubs  (table  8). 


8/ 

—    A  Pennsylvania  study  found  88  "percent  of 

the  hunters  on  shooting  preserves  were  city  resi- 
dents (Frey  and  Wingard  1960),  no  doubt  also  due 
to  nearness  to  an  urban  population. 


Hunters  are  like  other  recreationists 
in  their  organizational  membership. 
About  the  same  low  percentage  of  Wash- 
ington car  campers  and  wilderness  users 
belong  to  organized  groups  (Hendee,  Gale, 


Table  7. — Residence  of  hunters  from  four  regulated  areas 


I 


Regulated  area 


Residence 


Very  large 
city 


Small 
town 


Rural 
area 


Farm 


Total 


Number  of 
respondents 


-  -  -  Ferae 

nt   -   - 

-  -  -  - 

Lake  Terrell 

18 

45 

22 

15 

100 

222 

Stillwater 

67 

15 

16 

2 

100 

410 

Fort  Lewis 

63 

16 

20 

2 

101 

182 

Scatter  Creek 

45 

25 

25 

5 

100 

234 

1/ 
Average- 

51 

24 

20 

5 

100 

1,048 

All  Washington 

hunters 

30 

35 

24 

11 

100 

— 

—  Differences  between  areas  are  significant  at  0.05  level.   Chi 
square  =  188.22  with  9  degrees  of  freedom. 
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Table  8. — Organization  membership  of  regulated 
area  hunters 


Club  membership 

Number 

Percent 

Nonmembers 

863 

82 

Members 

- 

188 

18 

Total 

1,051 

100 

Membership:— 

Gun  or  sportsman  club 

164 

76 

Duck  and  dog  club 

28 

13 

Wildlife-conservation  club 

9 

4 

Fishing,  bow  and  arrow, 

horse  club 

- 

15 

7 

Total 

216 

100 

—  Includes  all  clubs  listed,  i.e.,  as  some  hunters 
listed  more  than  one  club,  the  percent  column  is  the 
percent  of  memberships,  not  percent  of  hunters.   For 
example,  76  percent  of  the  216  memberships  were  in  gun 
and  sportsman's  clubs. 


and  Harry  1969).  These  data  indicate  that 

attempts   to  oommunioate  with  regulated 
area  hunters,   as  with  other  recrea- 
tionists,    through  organized  groups  and 
olubs  will  reach  only  a  small  propor- 
tion of  them.      Likewise,   organized 
interest  groups  represent  a  minority 
of  views   though  they  may  sometimes 
reflect  opinions   held  by  other  users. 

READING  HABITS  OF 
REGULATED  AREA 
HUNTERS 

Few  hunters  belong  to  organized 
groups,  but  a  majority  of  them  read  hunt- 
ing, wildlife,  gun,  or  other  sportsman 
publications.     Eighty-one  percent  of  the 
regulated  area  hunters  reported  read- 
ing at  least  one  of  39  different  publi- 
cations.    Of  these,   38  percent  read  one, 
35  percent  read  two,  22  percent  read 
three  or  more  magazines,   and  another 
5  percent  mentioned  they  read  as  many 


as  possible.  Although   they   listed  39 
different  magazines,    three  monthly  maga- 
zines and  one  weekly  newspaper  accounted 
for  75  percent  of  the  publications  read: 
Outdoor  Life,    Field  ^  Stream,    Sports 
Afield,    and  Fishing  and  Hunting  News 
of  Western  Washington   (table  9).  9/ 

These  data  indicate  several  things. 
First,  considerable  vicarious  or  offsite 
extension  of  hunting  participation  is 
suggested.     Second,  one  local  medium. 

The  Fishing  and  Hunting   Hews  of  Western 
Washington,    apparently  reaches  almost 
as  many  regulated  hunters  (13  percent) 


-    Sixty-one  percent  of  Kansas  State  sports- 
men read  conservation  magazines,  and  the  favorite 
sporting  magazines  were  Field  &  Stream,   Sports 
Afield,    and    Outdoor  Life,   according  to  Donald 
E.   Zimmerman.    Determination  of  the  sources  of 
conservation  information  and  characteristics  of 
selected  Kansas  sportsmen.     M.S.  thesis  on  file 
at  Kansas  State  Univ. ,   Manhattan,   73  p. ,    19C8. 
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Table  9. — Publiaations  read  by  regulated 
area  hunters 


Publication 


Number 


Percent 


Do  not  read  publications 
Read 


Total 


Publications  read 


1/ 


196 
843 


1,039 


19 
81 


100 


Outdoor  Life 

360 

24 

Field  &  Stream 

337 

23 

Sports  Afield 

223 

15 

Fishing  and  Hunting  News 

of  Western  Washington 

192 

13 

American  Rifleman 

87 

6 

Guns  &  Ammo 

32 

2 

Wildlife  Bulletin  (Washington 

Department  of  Game) 

15 

1 

Sports  Illustrated 

15 

1 

Western  Outdoors 

12 

1 

Alaska  Sportsman 

11 

1 

Other 

1/206 

14 

Total 

1 

A90 

101 

—  Only  the  first  three  publications  listed  by  respondent 
were  tallied.   We,  therefore,  tallied  1,490  publications, 

2/ 

—  Includes  the  response  "all  of  the  major  ones"  and  47 

publications  that  were  classified  as  dog,  horse,  or  trapping. 


as  are  included  in  all  groups  and  clubs 
combined  (18  percent).     Third,  in  spite 
of  the  extensive  reading  habits  of  hunters, 

only  1  peraent  of  the  regulated  hunters 
mentioned  reading  the  Department  of 


Game  publication,  Washington  Wildlife, 

which  is  available  free  of  charge. 
Perhaps   this  reflects  an  unexploited 
opportunity  for  game  managers    to 
communicate  with  hunters. 


HUNTER  ATTRACTIONS,  MOTIVES,  AND  COMPLAINTS 


This    section   presents    data    on 
how   hunters    first   learned    of   regu- 
lated   pi  ant- and- shoot   hunting,  why 
they   hunt   in    these    areas,     and    their 
complaints    and    suggestions    as    to 
how    the    program    might   be 
improved. 


HOW  HUNTERS  LEARNED  ABOUT 
REGULATED  PLANT-AND- 
SHOOT  HUNTING 

Hunters  first  learned  of  the  regu- 
lated hunting  program  from  several 
sources.     The  primary  source  for  46 

percent  of  the  hunters  was  word-of-mouth 
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information  from  partners,    neighbors , 
family,   friends,   and  other  acquaintances. 
Secondary  sources  of  information  were 
the  Department  of  Game  (2.4  percent),  the 
mass  media  (20  percent),  and  "other" 
sources  (10  percent)  such  as  "from  a  club,  " 
"live  near  area,"  or  "saw  a  road  sign.  " 

These  data  indicate  the  highly  infor- 
mal and  social  nature  of  the  communication 
process  and  its  applicability  to  hunters. 
However,  formal  information  sources  are 
extremely  important  as  the  primary  source 
of  new  information  subsequently  dispersed 
through  person-to-person  contacts.     This    ' 
emphasizes  the  importance  of  Department 
of  Game  contacts  whereby  information  was 
dispersed  to  nearly  one-fourth  of  the 
hunters.     Because  word-of-mouth  informa- 
tion can  be  erroneous  or  misleading,  the 
form,  length,   and  substance  of  the  original 
messages  should  not  be  tal<;en  for  granted, 
and  every  Department  of  Game  employee 
must  regard  himself  as  an  information 
representative  of  his  agency. 

MOTIVES  FOR  HUNTING 
ON  REGULATED  AREAS 

The  reasons  given  by  hunters  for 
visiting  regulated  pi  ant- and- shoot  areas 
reflect  their  hunting  expectations.     Hunt- 
ers gave  the  three  most  important  reasons 
why  they  hunted  a  Department  of  Game 
regulated  area.     Some  920  hunters  gave 
1,975  reasons  which  fell  into  six  concep- 
tually distinct  categories.     Broadly  de- 
fined, these  reasons  reflected:    "avail- 
ability of  game,  "  "convenience,  "  "public 
access,  "  "regxilation  of  activity,  "  "dogs,  " 
and  "other  reasons."    The  reasons  and 
some  examples  were: 

Availability  of  game. —  Hunters 
expected  higher  success  because  of  the 
planted  game  in  the  areas,  typified  by 
responses  such  as:    "There  are  birds  there 
but  nowhere  else,  "  "because  of  the  amount 


of  game,  "  or  "availability  of  game.  " 

Convenience.--  The  convenience 
category  refers  to  the  i)roxiniil\-  of  a 
regxilated  area  to  the  hunter's  residence, 
e.  g. ,   "close  to  home,  "  "near  where  I 
live." 

Public  access. — Hunters  liked  the 
public  availability  of  the  area.     Examples 
were:    "no  private  property  signs,  " 
"don't  have  to  worry  about  landowners,  " 
or  "don't  have  to  worry  about  parking.  " 

Regulation  of  activity .--  'I'hcy 
appreciated  good  enforcement  of  hunting 
and  safety  regulations  and  the  controlled 
aspect  of  the  areas  by  references  to: 
"I  don't  worry  about  hitting  houses  be- 
cause safety  zones  are  posted,"  "the 
game  warden  was  available  to  control 
unsportsmanlike  action,  "  or  "signing  in 
and  out  keeps  hunters  in  line.  " 

Dogs. —    "A  place  to  train  my  new 
dog,  "  or  "a  place  to  run  and  work  my 
dogs"  were  mentioned. 

Other  reasons .--  Many  other 
responses  were  reasons  for  hunting  in 
general  and  not  specific  to  reg\ilated 
areas.     These  included  reference  to 
"exercise,  "  "the  outdoor  atmosphere,  " 
"just  curiosity,  "  "it's  fi'ee,  "  or  "to  be 
with  friends.  " 

We  combined  all  reasons  given, 
whether  they  were  listed  first,  second, 
or  third,  for  purposes  of  analysis  under 
the  assumption  that  although  hunters  did 
not  give  the  same  number  of  reasons, 
they  did  give  all  major  reasons  why  they 
hunted  a  regulated  area.     Twenty-seven 
percent  of  the  hunters  gave  only  one 
reason,  31  percent  gave  only  two  reasons, 
and  42  percent  gave  three  reasons. 

The   three  most  often  mentioned 
reasons  for  hunting   the  plant-and- 
shoot  regulated  areas,    "availability 
of  game, "   "convenience,  "  and  "public 
access"    (table  10),   together  account 
for  82  percent  of  the   total  reasons  given. 
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Table  10. — Motives  for   hunting  on  regulated  areas 


Regulated  area 


Availability 

of 

game 


Convenience 


Public 
access 


Regulation 

of 

activity 


Dogs 


Other    Total 


Number  of 
responses 


Lake  Terrell 

45 

14 

25 

Perae 

nt±-'    -   ■ 
8 

3 

6 

101 

392 

Stillwater 

34 

29 

23 

4 

4 

6 

100 

760 

Fort  Lewis 

35 

23 

20 

10 

3 

8 

99 

365 

Scatter  Creek 

33 

22 

25 

6 

5 

9 

100 

458 

2/ 
Average— 

36 

23 

23 

6 

4 

7 

99 

1,975 

—  Percent  of  total  responses,  not  percent  of  hunters. 

2/ 

—  Differences  between  areas  are  significant  at  the  0.001  level.   Chi  square  =  90.6,  with 

21  degrees  of  freedom. 


4. 


'^^:imm-€ 


» .e. 


-Isf 


The  hunters  listed  availability  of  game,  convenience,  and  public  access  as 
the  major  reasons  for  choosing  regulated  plant-and-shoot  areas.   Most  of  the 
regulated  area  hunters  live  near  the  hunting  site.   (Courtesy  Washington  Depart- 
ment of  Game). 
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This  makes  sense  considering  the  long 
distance  to  pheasant-hunting  opportunities 
in  eastern  Washington  and  the  scarce  pub- 
lic access  to  pheasant  hunting  and  the 
limited  number  of  pheasants  in  the  Puget 
Sound  region. 

A  few  differences  between  study  areas 
in  the  reasons  given  for  hunting  regulated 
areas  warrant  comment.     Proportionately 
more  hunters  at  Lake  Terrell  mentioned 
"availability  of  game,  "  but  fewer  listed 
"convenience.  "    Lake  Terrell's  remote- 
ness from  the  population  center  around 
Seattle  and  also  its  higher  success  rate 
may  explain  this.     Conversely,  the  Still- 
water area,  which  is  closest  to  Seattle, 
had  the  most  hunters  giving  "convenience" 
reasons. 

Hunters  of  different  backgrounds  use 
the  areas  for  different  reasons.     "Avail- 
ability of  game"  was  more  important  to 
farmers- ranchers,  students,  housewives, 
and  retired  and  unemployed  persons. 
"Availability  of  game"  was  also  popular 
among  rural  residents  and  young  hunters 
up  to  18  years  old,  but  less  popular  among 
the  more  highly  educated  hunters. 

HUNTER  COMPLAINTS 
ABOUT  REGULATED 
AREAS 

Hunters  listed  up  to  three  major 
problems  they  considered  important  at 
the  regulated  pi  ant- and- shoot  hunting 
areas.     This  identifies  shortcomings  of 
the  program  and  provides  insights  on  how 
the  regulated  hunting  program  might 
better  serve  its  clientele. 

Hunters  seemed  very  candid  in  their 
responses,  yet  did  not  seem  obliged  to 
make  negative  comments  merely  because 
the  opportunity  presented  itself.     About 
5  percent  of  the  hunters  did  not  answer 
the  question,   and  approximately  8  percent 


ex-plicillv  commented,   "no  major  problems.  ' 

We  combined  all  luinter  complaints 
for  purposes  of  iuial\'sis.     TJierc  were 
1,996  comments  by  1,007  hunters  who 
answered  the  question.     About  equal 
numbers  of  hunters  listed  one,   two,   and 
three  complaints. 

Eight  conceptually  distinct  cate- 
gories of  complaints  evolved:    "no  prob- 
lem, "  "crowding,  "  "lack  of  control  and 
enforcement,"  "game  scarcity,"  "poor 
management,"  "poor  facilities,"  "too 
artificial,  "  and  "other.  "    These  com- 
plaints and  examples  of  each  are  described 
below: 

Crowding .  --The  crowding  category 
included  reference  to  excessive  numbers 
of  hunters  or  congestion.     Typical  com- 
plaints included:    "too  many  hunters,  " 
"too  many  people  and  dogs  for  small  area,  " 
or  "area  is  too  crowded.  " 

Lack  of  control  and  enforcement. -- 
Complaints  about  lack  of  control   and 
enforcement  usually  referred  to  observed 
violations  of  traffic  rules,  game  regula- 
tions, littering,  and  unsportsmanlike 
conduct.     Typical  hunter  responses  in- 
cluded:   "there  is  too  much  sky  busting,  " 
"some  hunters  shoot  more  than  their 
limit  and  do  not  sign  out  of  the  area,  " 
"some  hunters  claim  birds  they  did  not 
shoot,  "  or  "too  many  dogs  nmning  loose 
without  supervision.  " 

Game  scareiti/. --Some  complained 
about  the  absence  of  game:    "too  few  birds,  " 
"I  didn't  see  any  game,  "  or  "poor  hunting 
due  to  lack  of  birds.  " 

Poor  management. — Comments  in 
this  category  were  aimed  at  managers 
or  the  Department  of  Game.      I'ypical 
responses  were:    "too  many  birds  planted 
to  favor  weekend  hunters,  "  "birds  not 
scattered  enough  because  they  were  re- 
leased from  a  single  point,  "  "length  of 
season  is  too  short,  "  or  "season  is  too 
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late  in  the  year.  " 

Poor  facilities .  — Characteristics 
of  the  regulated  area  prompted  complaints 
about  parking,   the  size  of  the  hunting  area, 
and  lack  of  facilities.     Comments  included: 
"not  enough  parking,  "  "areas  are  too 
small,  "  and  "not  enough  sanitation  facili- 
ties. " 

Too  artificial. —  Some  hunters 
complained  about  the  artificial  nature  of 
pi  ant- and- shoot  hunting.     Their  comments 
included:    "planted  birds  are  poor  sport- 
ing chance,  "  "birds  don't  fly  right  without 
more  practice,  "  "birds  act  too  dumb  and 
unnatural,"  or  'TDirds  are  too  artificial." 

Other. —  This  category  included 
a  variety  of  responses  such  as:    "didn't 
like  it,  "  "the  weather  was  bad,  "    or 
"waste  of  time  and  money  to  go.  " 

The  most  common  complaint  was 
crowding;   68  percent  of  the  hunters 
raised  this  issue.        One-third  of  the 
total  number  of  complaints  mentioned 


crowding  (table  11).     These  data  imply 
that  reduced  crowding  might  increase 
hunter  satisfaction  for  a  large  propor- 
tion of  the  hunters. 

Other  complaints  in  order  were 
"lack  of  control  and  enforcement,  " 
"game  scarcity, "  and  "poor  manage- 
ment. "    Each  of  these  categories  re- 
ceived less  than  half  as  many  complaints 
as  "crowding.  " 

The  attitudes  of  hunters  about  con- 
trol and  enforcement  are  interesting  and 
important.     "Regulation  of  activity" 
was  listed  by  some  as  a  reason  for 
hunting  regulated  areas  (table  10),  but 
over  twice  as  many  complaints  were 
registered  about  the  lack  of  control  and 
enforcement  (table  11).     Hunters  com- 
plained about  traffic  and  game  violations, 
littering,   and  unsportsmanlike  conduct. 
Enforcement  efforts  are  apparently 
expected  and  desired  by  many  hunters  at 
the  regulated  areas. 


Crowding,    lack  of   control    and   enforcement,    and   game   scarcity  were  major 
complaints   about   regulated-area   hunting. 
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Sixty-eight  percent  of  the  regulated  area  hunters  complained  about  crowding, 


Table   11. — Major  aomplaints   at  regulated  hunting  areas 


ulated  area 


No 
problem 


Crowding 


Lack  of 

control, 

enforcement 


Game 
scarcity 


Poor 
management 


Poor 
facilities 


Too 
artificial 


Other 


Total 


Number  of 
responses 




-  Peroer 

tl/  - 







e  Terrell 

7 

32 

13 

12 

13 

11 

10 

3 

101 

393 

llwater 

3 

36 

16 

14 

11 

10 

6 

5 

101 

793 

t  Lewis 

5 

34 

16 

12 

8 

11 

8 

6 

100 

353 

tter  Creek 

4 

35 

16 

16 

11 

7 

7 

5 

101 

457 

2/ 
Average— 

4 

35 

15 

14 

11 

9 

7 

5 

100 

1,996 

—  Percent  of  total  responses,  not  percent  of  hunters. 
2/ 

—  Differences  between  areas  are  not  significant  at  the  0.05  level.   Chi  square  =  34.4,  with  24  degrees 

freedom. 


HUNTING  SUCCESS  AND  ITS  DISTRIBUTION 


A  purpose  of  regulated  plant- and- 
shoot  areas  is  to  extend  the  pleasures  and 
benefits  of  hunting  to  persons  who  other- 
wise would  have  fewer  hunting  opportuni- 
ties.    Thus,  questions  about  the  distribu- 
tion of  hunting  successes  are  important 
to  the  management  objectives  of  regulated 
areas.     For  example:    What  is  the  distri- 
bution of  bird  harvest  among  regulated 
area  hunters?    How  does  the  distribution 
of  hunting  success  on  regulated  areas 
compare  with  that  on  unregulated  areas? 


What  factors  or  characteristics  differen- 
tiate high-success  from  low-success 
regulated  hunters? 

It  is  clear  that  a  small  minority 
of  the  hunters  harvest  most  of  the 
birds.    Figure  3  shows  the  distribution 
of  hunter  success  based  on  cfuestionnaire 
responses,   among  a  representative 
sample  of  all  upland  bird  hunters  in  the 
State,  regulated  area  hunters  while  on 
plant-and-shoot  areas,  and  regulated 
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Figure    3. — Distribution  of  bird  kill   among  Washing- 
ton  hunters. 


area  hunters  while  hunting  on  non-plant- 
and-shoot  areas.     Results  show  that  on 
the  four  regulated  areas  studied,  half 
the  birds  were  bagged  by  only    7  percent 
of  the  hunters,   with  each  of  these  very 
suaaessful  hunters  bagging   11  or  more 
planted  pheasants  during   the  season. 

There  were  no  significant  differ- 
ences in  the  distribution  of  success  be- 
tween the  study  areas  except  at  Still- 
water, where  40  percent  of  the  hunters 
bagged  all  the  game.     At  this  area,  at 
least  10  percent  fewer  hunters  shared 


in  the  total  harvest  than  at  each  of  the 
other  three  areas. 

The  distribution  of  success  for  regu- 
lated area  hunters  while  pursuing  bii'ds  on 
non-plant- and- shoot  areas  was  similar  to 
that  of  the  statewide  sample  of  upland 
bird  hunters.—/ 


— '   The  WashiriRlon  Department  of  Game  in 
its  statewide  annual  hunter  survey  reveals  nearly 
identical  results:    about  14  percent  of  the  pheasant 
hunters  bagged  58  percent  of  the  ringnecks  shot 
(from  personal  correspondence). 
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Perhaps  more  important  than  this 
similarity  is  that  more   than  half  the 
hunters  at  the  regulated  areas  did 
not  bag  a  single  bird.        Little  time 
spent  in  the  field  may  offer  a  partial  ex- 
planation for  the  lack  of  success  by  these 
hunters.     Nearly  60  percent  of  those  who 
got  nothing  hunted  for  2  days  or  less 
(table  12).     Hunters  who  bagged  only  one 
bird  during  the  season  spent  an  average 
3.6  days  hunting.     Many  hunters  may 
view  this  as  too  large  an  expenditure  of 
time  for  the  sake  of  success. 

Length  of  hunting  experience  was 
not  related  to  success .    Almost  equal 
numbers  of  unsuccessful  hunters  appeared 
in  all  categories  of  hunting  experience 
which  ranged  from  1  year  to  65  years  of 
hunting  (talkie  13),     Controlling  for  exper- 
ience and  days  of  hunting  effort  did  not 
change  this  finding. 


Only   a   small   proportion  of   the 
hunters   were   successful.      Half   bagged 
nothing,    and   a    scant    7   percent    shot 
half  of    the  birds.      A  man's   hunting 
experience  did   not  affect  his   success, 
but   the   number  of   days   he   hunted   did. 
(Courtesy  Washington  Department   of 
Game) . 


Table   12. — Unsuoaessful  hunters  at  regulated 
areas  and  their  hunting  effort 


Days  hunted 


Percent  unsuccessful 
hunters 


1 
2 
3 

4 

5 

6 

7 

8 

9 
10 
11+ 

Total 


33 

26 

17 

10 

6 

2 

0 

1 

1 

1 

3 


100 


Total  number  of  hunters 


505 


Table  13. — Unsuoaessful  hunters  at  regulated 
areas  and  their  hunting  experience 


Years  hunting 

Percent 

unsuccessful 

experience 

hunters 

1-3 

13 

4-6 

11 

7-10 

15 

11-14 

10 

15-18 

11 

19-22 

11 

23-27 

9 

28-34 

10 

35-65 

10 

Total 

100 

Total  number  of  hunters 

510 
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The  most  positive  correlate  of 
hunting  suoaess  was    ''always   hunting 
with  a  dog''  as  opposed  to    "ooaasion- 
ally"  or   ''never''  hunting  with  one. 
Table  14  shows  that  75  percent  of  the 
hunters  who  never  used  a  dog  were  unsuc- 
cessful, and  there  was  not  one  hunter  in 
the  highest  success  category  who  never 
used  a  dog.     On  the  other  hand,  60  percent 
of  the  hunters  who  reported  always  using 
a  dog  had  some  success,  and  one-third 


of  these  bagged  four  biixls  or  more  during 
the  season. 

Other  variables  showed  no  signifi- 
cant relationship  with  hunting  success 
even  when  days  of  hunting  effort  are  held 
constant.     These  included  age,   residence, 
income,  education,  occupation,   and  years 
of  hunting  experience.     Three  exceptions 
were  housewife-mother  and  armed  service 
occupations  and  those  with  family  incomes 


Table  14. — Peroent  of  hunters  who  always,    oaaasionally ,    or  never  hunt  with  a  dog  and 
its  relation  to  success  at  the  four  regulated  areas 


Do  you  hunt  with  a  dog? 


Pheasants  bagged  per  season 


A-10 


11-70 


Always 

Occasionally 

Never 

Average 


-  Peroent  -   ■ 

40 

27 

23 

10 

100 

583 

65 

28 

6 

2 

101 

337 

75 

20 

5 

0 

100 

127 

52 


Hunting  with  a  dog  was  the 
biggest  factor  associated  with 
success.   (Courtesy  Washington 
Department  of  Game). 
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of  less  than  $3,000,    all  of  whom  experi- 
enced   proportionatel}'  lower  success  than 
other  hunters. 

The  foregoing  data  show  similar 
distributions  of  success  between  reg\ilated 
and  unregulated  areas.     Success  was  con- 
centrated among  a  small  minority  of 
hunters  and  nearly  half  the  hunters  bagging 
no  birds  at  all.     These  data  challenge  the 


validity  of  minimizing  "birds  per  hunter 
days"  as  an  appropriate  measure  of  hunting 
enjoyment  or  as  a  management  objective 
because  hunting  success   is  so  sharpl\' 
concentrated  among  a  minority  of  hunters. 
Nevertheless,  other  satisfactions   appar- 
ently do  not  fully  compensate  for  lack  of 
success  among  the  many  hunters  citing 
"scarcity  of  game"  as  a  complaint  about 
regulated  areas. 


REVENUE  POTENTIAL  OF  PUBLIC  PLANT-AND-SHOOT  AREAS 


Financing  a  public  pi  ant- and- shoot 
program  is  expensive,   and  costs  continue 
to  rise:    raising  and  releasing  pheasants 
cost  the  Washington  Department  of  Game 
about  $3.50  apiece.     Areas  must  be  main- 
tained and  administered  and  adequate    en- 
forcement provided.  _     The  revenue 
potential  of  regulated  pi  ant- and- shoot 
areas  under  different  levels  of  stocking 
and  congestion  was  determined  from 
willingness-to-pay  data.     Hunters  answered 
three  questions,  checking  amounts  ranging 
from  $0  to  $7  per  day  in  increments  of  $1. 
These  questions  were: 

"(1)  Based  on  your  experiences  and  success 
this  year  on  regulated  hunting  areas, 
how  much  would  you  pay  per  day  to 
hunt  one  of  these  areas  in  the  future? 

(2)  If  the  number  of  birds  planted  on 
regulated  areas  were  doubled,  how 
much  would  you  be  willing  to  pay? 

(3)  If  there  were  half  as  many  hunters 
allowed    at  one  time  on  regulated 
areas  but  the  number  of  birds  stayed 
the  same,  how  much  would  you  pay?" 


— '     In  Washington,  beginning  in  1971,    a  S2 
upland  bird  permit  was  required  of  all  bird  hunters 
(not  just  regulated  area  hunters)  to  help  defray  costs 
and  shift  more  of  the  financial  burden  of  raising 
game  birds  to  the  hunters  who  benefit. 


It  is  noteworthy  that  hunters  are 
willing  to  pay  the  most  under  the  hypotheti- 
cal managed  conditions  of  reduced  conges- 
tion and  increased  number  of  birds.     As 
table  15  shows,  41  percent  of  the  hunters 
are  willing  to  pay  something  under  present 
conditions  of  bird  stocking  and  hunting 
pressure.     If  number  of  birds  were  doubled 
but  the  number  of  hunters  remained  con- 
stant, 62  percent  would  pay  something. 
If  the   number  of  hunters  were  reduced 
by  half,   with  no  change  in  bird  stock- 
ing,   68  percent  would  pay.      It  is   sig- 
nificant to  note,    however,    that  under 
reduced  hunter  congestion,    more  hunters 
were  willing  to  pay  at  each  price  from 
$1   to  $7  than   with  increased  bird 
stocking. 

In  calculating  the  total  revenue  poten- 
tial at  the  $4  fee,  for  example,  we  assumed 
that  hunters  willing  to  pay  higher  fees 
would  also  pay  the  $4  fee.     Therefore, 
when  figuring  the  total  revenue  potential 
at  the  $4  price,  hunters  willing  to  pay  $5, 
$6,  or  $7  were  included.     The  total  reve- 
nue at  the  $5  price  included  hunters  who 
stated  a  willing-ness  to  pay  $6  and  $7  and 
so  forth.     Figure  4  shows  total  revenue 
potential  based  on  willingness  to  pay  at 
each  price  ($0-$7)  for  the  three  management 
conditions.     The  total  revenues  in  this 
figure  include  only  the  27-percent  survey 
sample  (1,216  hunters);  total  revenue 
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Table  15. — Income  potential  of  four  regulated  areas  under 
three  mayiagement  conditions 


Amount  hunters  are  w 

nine    1 

Number  of 

to  pay  per  day  (dollars) 

hunters 

Percent 

Under  current  conditions: 

0 

595 

59.0 

1 

220 

21.9 

2 

97 

9.6 

3 

37 

3.7 

Ik 

8 

.8 

5 

12 

1.2 

6 

8 

.8 

'     1/ 
Otheri' 

- 

2 
28 

.2 
2.8 

Total 

1,007 

100.0 

If  number  of  birds 

were  doubled: 

0 

382 

38.2 

1 

220 

22.0 

2 

180 

18.0 

3 

96 

9.6 

4 

33 

3.3 

5 

36 

3.6 

6 

21 

2.1 

Otheri' 

0 
32 

0 
3.2 

Total 

1.000 

100.0 

If  number  of  hunters 

were 

reduced  by  half: 

0 

316 

32.1 

1 

226 

22.9 

2 

194 

19.7 

3 

96 

9.7 

« 

43 

4.4 

5 

49 

5.0 

6 

31 

3.1 

Otheri/ 

4 
26 

.4 
2.6 

Total 

985 

99.9 

—  Includes  hunters  who  stated 
seasonal  or  per-bird-shot  basis. 


willingness  to  pay 


potential  for  the  four  areas  (based  on  these 
data)  can  be  approximated  by  multiplying 
by  4. 

The  greatest  revenue  potential  is 
under  reduced  hunter  congestion,    followed 
closely  hij  doubled  stocking.     A   $2  fee 
would  generate  the  most  revenue,   pro- 
vided hunter  congestion  was  reduced  or 
birds  doubled.        Our  calculation,  under 
a  hypothetical  condition  of  reduced  hunters, 
assumed  that  the  number  of  hunters  willing 
to  participate  at  alternative  fee  levels  would 
be  accommodated,  but  that  some  hunters 
might  be  encouraged  through  management 
technicfues  to  shift  their  hunting  from  high 
weekend  congestion  to  very  low  congestion 
periods  during  the  week  (see  fig.  2).     One 
technique  might  be  to  charge  a  fee  for  hunt- 
ing only  on  weekends  when  areas  are  most 
crowded. 


Hunters  were  ;...;rL  ..filing  to  pay 
if  the  number  of  hunters  allowed  at  one 
time  were  cut  in  half  or  the  number  of 
planted  birds  were  doubled.   Willing- 
ness-to-pay data  indicated  the   most 
revenue  could  be  collected  with  a  $2- 
per-day  fee. 


The  income  potential  calculated  in 
table  15  should  be  interpreted  with  caution. 
Willingness-to-pay  questions  under  hypo- 
thetical situations  do  not  always  reflect 
real  behavior.     For  example,  hunters 
may  be  tempted  to  understate  their  true 
willingness-to-pay  for  participating  in  an 
existing  free  program.     Yet  many  of  the 
same  hunters  might  pay  more  when  faced 
with  an  actual  fee  rather  than  forgo  hunt- 
ing" altogether. 

The  idea  of  charging  fees  for  public 
pi  ant- and- shoot  programs  is  not  unreason- 
able, considering  the  relatively  high  in- 
come levels  of  the  hunters  and  the  fact 
that  license  fees  represent  a  very  small 
portion  of  other  hunting  costs.     Nationally, 
hunters  spend  only  3.  6  percent  of  their 
total  hunting  expenditure  on  licenses  (U.S. 
Bureau  of  Sport  Fisheries  and  Wildlife 
1972).     Charges  for  plant-and-shoot  hunt- 
ing are  not  without  precedent.     IXiring 
the  mid-1950's,   Illinois  charged  $4  per 
day  (in  addition  to  a  general  license  fee) 
for  hunting  planted  pheasants  (I'itus  and 
Laycock  1955). 
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Another  analysis  investigated  the 
correlation  between  success  and  willing- 
ness to  pay.     It  seems  reasonable  to  ex- 
pect that  successful  hunters  might  be 
willing  to  pay  more.     Surprisingly,   the 
results  showed  the  less  sucaessful 
hunters  willing   to  pay  as  much  as 
other  hunters.     This  supports  the  notion 
that  hunting  opportimity  is  valued  as  much 
by  low  success  hunters  as  by  those  har- 
vesting the  most  birds. 

SUMMARY 

Hunters  visiting  four  public  plant- 
and-shoot  pheasant- hunting  areas  in 
Washington's  Puget  Sound  basin  were 
studied  by  use  of  a  mail  questionnaire 
which  yielded  1,062  hunter  responses  to 
questionnaires.    The  response  rate  after 
three  followup  mail  contacts  was  87.  3 
percent. 

Hunter  characteristics  studied  were 
sex,  age,  education,  occupation,  income, 
and  residence.      The  regulated  area 
hunters  are  98  percent  male,  predomi- 
nantly middle-aged,  with  higher  than 
average  educations  and  incomes.     Over 
40  percent  have  at  least  some  college 
education,  and  21  percent  are  college 
graduates.    About  half  earn  more  than 
$12,000  per  year  and  15  percent  more 
than  $18,  000  per  year.     As  many  hunters 
hold  white-collar  jobs  as  blue-collar  ones. 
Over  half  the  hunters  reside  in  large  cities 
or  suburbs,   as  one  would  expect  due  to 
the  metropolitan  concentration  along  Puget 
Sound. 

Hunters  frequently  read  sporting 
magazines,  but  few  belong  to  clubs  relat- 
ing to  wildlife-sportsman  activities. 
Eighty-one  percent  of  the  hunters  read 
at  least  one  of  39  different  hunting,  wild- 
life, gun,  or  other  sportsman  publications 
and  a  regional  hunting  and  fishing  news- 
paper.    In  contrast  to  their  reading  habits. 


only  18  percent  of  the  hunters  belonged 
to  a  hunting,  fishing,   or  wildlife  club. 

They  reported  learning  about  the 
regulated  plant-and-shoot  program  mainly 
from  secondary  sources  such  as  word-of- 
mouth.     Only  24  percent  got  information 
directly  from  the  Department  of  Game. 

Reasons  for  hunting  regulated  areas 
and  complaints  about  problems  at  the 
areas  varied,  although  they  centered 
around  a  few  issues.     Hunters  said  they 
visited  the  areas  because  of  the  avail- 
ability of  game,  convenience,  and  because 
public  access  to  hunting  is  difficult  to  find 
elsewhere.     Two-thirds  of  the  hunters 
saw  crowding  as  a  problem.     They  also 


> 


Washington's  regulated  plant-and- 
shoot  hunting  program  is  a  popular 
supplement  to  natural  pheasant  hunting 
opportunities.   This  study  suggests  a 
need  for  more  intensive  management  to 
improve  hunting  quality.   (Courtesy 
VJashington  Department  of  Game)  . 
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cited  problems  such  as  lack  of  enforcement 
of  rules  and  game  scarcity'. 

The  distribution  of  hunting  success 
was  highjy  skewed  with  7  percent  of  the 
hunters  bagging  half  the  birds  and  over 
50  percent  of  the  hunters  not  getting 
anything.      Hunting  with  a  dog  was 
associated  with  success  more  than  any 
other  factor,  with  60  percent  of  those  who 
"always  use  a  dog"  getting  birds.      In 
contrast,   75  percent  of  those  who  "never 
use  a  dog"  were  unsuccessful.     Hunting 
success  bore  no  significant  relation  to 
other  factors  such  as  age,   residence, 
income,  education,  occupation,  and  years 
of  hunting  experience. 

When  asked  about  their  willingness 


to    pay    for    regulated   hunting,     11    per- 
cent   of   the    hunters    said    the,\'    would 
pay    something   under    current    condi- 
tions   of    crowding    and    stocking.     Ikit 
more    than    60    percent    said    lhe\' 
would    pay    if    twice    as    many    birds 
were    planted    or    if    the    number   of 
hunters    were    cut    in  half.      Under    re- 
duced   hunter    congestion,     more  hunters 
were    willing   to   pay    at    each    price 
from    $1    to    $7    than    for    increased 
bird    stocking.      Revenue    potenti;il  was 
greatest    at    $2    per    day    for    both  in- 
creased   stocking    and    reduced  crowd- 
ing  conditions.       There  was    no    differ- 
ence   in    willingness    to    pay   between 
highly    successful    hunters    and    the 
very     low     or     unsuccessful 
hunters. 


MANAGEMENT  RECOMMENDATIONS 


(1)  The  regulated  plant- and- shoot 
program  should  be  continued,   as  it  appar- 
ently makes  a  positive  contribution  to 
pheasant  hunting  satisfaction  of  a  large 
number  of  western  Washington  hunters. 
Most  hunters  cited  "availability  of  game,  " 
"convenience,"  or  "public  access"  as 
reasons  for  hunting  the  areas.     There  is 
heav>'  use  of  the  areas  by  a  predominantly 
urban  clientele  removed  from  other  hunt- 
ing opportunities.     The  areas  serve  as  a 
popular  supplement  to  other  bird  hunting 
opportunities  as  they  are  generally  used 
by  nearby  urban  residents,  most  of  whom 
also  hunt  elsewhere.     We  recommend 
that  the  program  be  continued  but,  where 
possible,  private  shooting  preserves  be 
encouraged  to  expand  hunting  opportunities 
that  could  help  relieve  the  heavy  use  pres- 
sures on  the  regulated  public  plant- and- 
shoot  program. 

(2)  Hunter  crowding  on  the  regulated 
areas  should  be  reduced  to  increase  hunt- 
ing quality.     This  seems  justified  by 


several  pieces  of  evidence  revealed  in 
the  study.     Over  two- thirds  of  the  hunters 
expressed  displeasure  with  crowding. 
Individuals  are  willing  to  pay  more  if 
the  number  of  hunters  is  reduced.     The 
extent  of  crowding  appears  to  approach 
unsafe  levels  during  weekend  periods. 
Efforts  might  seek  to  redistribute  use 
from  weekends  to  weekdays  through 
strategic  use  of  information  about  bird 
stocking,  a  small  charge  for  weekend 
use,  limits  on  the  number  of  hunters 
allowed  on  an  area  at  one  time,  or 
special  temporary  limitations   such  as 
father-son  hunts.     Other  controls  might 
be  strategically  applied,  not  to  deprive 
people  of  the  chance  to  hunt,  but  to  regu- 
late, for  the  good  of  all,  conditions  under 
which  hunting  is  allowed.     The  counterpart 
to  this  scheme  in  fishing  is  the  fly  only  or 
barbless  hook  fishing  streams  found  in  many 
States.    Attentive,  positive  administration 
of  the  regulated  areas  could  help  control  some 
of  the  aversive  effects  of  crowding  and  con- 
gestion during  periods  of  heav\'  use. 
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(3)  Management  should  spread  the 
harvest  of  birds  more  eciuitably  among 
regulated  hunters,    as  only  a  minority 
of  hunters   are  now  successful.      Only 

7  percent  of  the  hunters  bagged  half 
the  pheasants  on  the  four   areas  studied, 
and  all  of  these  hunters  shot   11  or 
more     birds   apiece  during  the  season. 
Nearly  one-fourth  of  the  hunters  men- 
tioned  "scarcity  of  game"  as   a  com- 
plaint,   which  indicates  that  other  hunt- 
ing satisfactions   are  not    fully  compen- 
sating the  unsuccessful    hunters    for 
their    frustration.      Distribution    might 
be    spread   by    setting    a    reasonable 
season   bag   limit    and    imposing    a 
punchcard    such    as    used   with    steelhead 
and    salmon.      A    season    bag   limit    of 
nine   birds,  for  example,      would    have 
left    half    the    total    number    of  pheasants 
shot   for    the    less    successful    hunters, 
thereby    increasing   their    probability 
of    success    and    more    equitably    dis- 
tributing  the    harvest. 

(4)  A  user  fee  for  hunting  regulated 
plant- and- shoot  areas  should  be  con- 
sidered as  a  source  of  revenue  to  finance 
the  program  and  as   a  possible  means 

of  distributing  use.      The  expense  of 
financing  a  pheasant  rearing  and  planting 
program  concerns  both  the  game  man- 
agers  and  sportsmen.      Questionnaire 
response    indicates    that   hunters  would 
be  willing  to  pay,    particularly  if  stock- 
ing of  birds  was  increased  and  conges- 
tion reduced.      Charging  regulated 
pheasant  hunters  would  provide  a  source 
of  revenue  from  the  beneficiaries  to 
help  support  their  program.      The 


discriminating  effects  of  a  charge 
would  be   slight  considering  the   above- 
average   income  of  the  regulated  area 
hunters.      Charging  weekend-only  fees 
might  help  redistribute  use  to  less 
crowded  weekdays   and  might  eliminate 
casual   and  uncommitted  hunters  who 
place  less  value  on  the  opportunity  to 
hunt  but  nevertheless  contribute  to 
congestion  and  the  dissatisfaction  of 
ardent  sportsmen. 

(5)    Stocking  techniques  that  will 
reduce  pheasant  escapes  to  posted  or 
private  hunting  areas  should  be  ex- 
plored.     This  would  increase  the 
efficiency  of  the  regxilated  areas  in 
providing  success-related  benefits. 
The  harvest  of  planted  pheasants  ranged 
from  52  percent  at  Stillwater  to   71 
percent  at  Lake  Terrell   and  Scatter 
Creek.      Obviously  many  birds  succumb 
to    natural    elements    or    escape    to 
adjacent    areas.      This    illustrates    a 
crucial    factor    in   the    management    of 
plant- and-shoot  areas — the  probability 
that  planted  birds  may  not  be  harvested 
by  the  target  clientele.      If  birds  es- 
cape to  land  open  for  public  hunting, 
then    the    result    is    an    allocation    to 
the    general    hunting   population.     How- 
ever,    if   birds    escape    to    an    adjacent 
hunting   club    or    closed    private    land, 
the    result    is    public    distribution    to  a 
privrte  clientele.     The  fact  that  one-third 
to  one-half  of  the  birds  planted  are  not 
harvested  by  the  target  clientele   suggests 
an    opportunity    to    increase    efficiency 
in     meeting    public     plant- and-shoot 
program    objectives. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
Is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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